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This application cUiwa p riority o£ „ 

../«7..». £i ua Ju i y a. 19S6 „ hic y h eMa .- tb x : u : £ 

The invention disclosed herein was made with Government 
support under NIH Grant No. RO1-A12S210-08 fill th 

694 from the American Cancer Society. Accordingly, the o S 
Government has certain rights in this invention 

Bftcfrqrgund of fh« Tm, fr «.j gn 

20 Throughout this application, various publications are 

referenced by author and date. Pull citations for these 

publications may be found listed alphabetically at th end 

of the specification immediately preceding the claims. The 

disclosures of these publications in their entireties «. 
hereb y fay reference ^ 

to tL T;, * y describe the state of the art - 

llsTiZ „ , ther6in " ° f date ° f the -—ion 

described and claimed herein. 

The rejection of alloorarts i-#»m>i.-«, « 

n r fc . -^ograrts results from two distinct forms 

of antigen presentation: (Sherman and Chattopadhyan, 1593) 
donor antigen presenting cells (APC) can activate directly 

ho s e t r A T nSe ° f h ° St T C611; ^ (Sh0akes and W °<^ »"> 
host APC can present peptides derived from the processing of 

them T 10 ^ m ° leCUleS C ° T cells, engaging 

them xnto the xndirect pathway of allorecognition . <SheLn 
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and Chattopadhyan, 1993; Shoskes and Wood, 1994). 

All T cell recognition, including self -tolerance and 
allorecognition, involves both the MHC molecule and its 
5 associated peptide ligand. An important step in 
understanding alloreactivity is understanding T cells can 
engage and respond to allogenic MHC molecules directly. 
Direct presentation has been shown to be responsible for the 
proliferative response to alloantigens seen in vitro and 

10 events leading to early acute rejection of MHC-mismatched 
skin grafts. Indirect presentation is another pathway for 
the presentation of MHC alloantigens. In this pathway, the 
allogeneic MHC molecules are processed and presented by 
recipient antigen-presenting cells (APCs) . (For reviews see, 

15 Sherman and Chattopadhyay, 1993 and Shoskes and Wood, 1994) . 

The success rate of organ transplantation has increased 
considerably during the past decade with substantial 
improvements in one year graft and patient survival. At the 

20 same time, however, it has become clear that a significant 
proportion of grafts fail, primarily because of progressive 
and irreversible host- immunological attack, despite 
continued administration of immunosuppression. Large 
statistics demonstrate, that although short-term results 

25 have improved, the rate of decline of long functioning 
grafts has not changed over time regardless of changes in 
immunosuppression. Roughly only 60% of kidney, heart or 
liver allografts are still functioning after 5 years {Harris 
et al. 1990). Late graft failures are attributed to the 

30 uncontrollable progression of chronic rejection, a 
phenomenon invc .ving both the cellular and humoral arm of 
the immune response. 

Chronic rejection is often described as "transplant 
3 5 atherosclerosis" and is an immunologic phenomenon 
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accompanied by the presence of T cells and macrophages in 
graft atherosclerotic lesions, and of immunoglobulin and 
complement deposition in affected vessel walls The 
production of anti -donor HLA antibodies precedes and 
5 accompanies the chronic rejection process and intra -arterial 
infusion of donor-specific anti-sera induces the 
characteristic histological lesions. Anti -HLA antibodies 
bind to graft endothelial cells mediating complement 
dependent cytotoxicity and ADCC. Plasmapheresis has been 
10 used with mixed success for lowering the titer of 
circulating antibodies and slowing down the progression of 
humoral rejection. One of the consequences of transplant 
failure is the increasing number of "highly sensitized 
patients' who have rejected a previous transplant, and 
15 consequently have developed alloantibodies . This renders 
the task of finding a suitable donor for retransplantation 
substantially more difficult. The risk of opportunistic 
infections and malignancies is also increased in such 
patients, because of the large doses of immunosuppressive 
therapy which they receive (Waafie, et al. 1990) . 
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Saaaaao: <?f frho InY«nti9n 

This invention provides for a method for monitoring 
5 allograft rejection in a transplant recipient which 
includes: (a) obtaining peripheral blood lymphocytes from 
the recipient; (b) incubating the lymphocytes with at least 
one synthetic allopeptide which corresponds to an 
immunogenic hypervariable epitope of a mismatched donor HLA- 
10 DR antigen under suitable conditions, and (c) contacting the 
incubate with a marker for T-cell activation to determine 
whether or not the incubate contains activated T-cells, 
thereby monitoring allograft rejection in the recipient. 



15 
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B zut PfggriPtion of th. UauiMa 

rir<juT 99 if, apd ir l Reactivity of TCLs to the immunizing 
peptides and to r DR1 proteins. The TCL LZ-anti-pp i- 2 0 
(Figure IB) and TCL LZ-anti-pp 21-42 (Figure IB) were tested 
for reactivity to various concentrations of rDRl protein and 
PP^l-20 pr pp 21-42 using 2 X 10* responding cells and 5 X 
10 irradiated autologous APCs per well. Cultures were 
labeled after 48 hours and harvested 18 hours later 
Results are expressed as mean cpm of triplicate cultures. 
The standard deviation of measure was less than 10*. 

Eiagfll 2A and a B , HLA-DR restriction of peptide recognition 
by TCLs . The TCL LZ-anti-pp 1-20 (Figure 2A) and TCL LZ- 
anti-pp 21-42 (Figure 2B) were stimulated with imM peptide 
(pp 1-20 for LZ-anti-pp 1-20 and pp 21-42 for LZ-anti-pp 21- 
42) in the presence of autologous and allogeneic APCs 
sharing with the responder one or no DR antigen. Assays 
were done as described in the description of Figures 1A and 

1H „ 



fXgWP 3, Determination of the core epitope of the dominant 
determinant of DRl molecule. TCL LZ-anti-pp 21-42 was 
stimulated in individual cultures with nine overlapping 14- 
25 mer peptides (ImM) moving along residues 21-42 in single 
residue steps. The reactions were set up as described in 
the description of Figures 1A and IB. 

ZiSUE* Suppression of TCL reactivity by high 

30 concentrations of antigen. The proliferative response of 
TCL LZ-anti-pp 21-42 was tested as described in the 
description of Figures 1A and IB using different 
concentrations of pp 22-3S. The response was abolished at 
a concentration 27 mM. 

35 
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EigHEfl 5i CML activity of graft infiltrating lymphocytes. 
11-2 expanded lymphocytes from the day 55 (filled column) 
and 82 (open column) biopsies were tested for cytotoxic 
activity against PHA activated lymphocytes from the donor, 
5 recipient and HLA-disparate control. The effector to target 
cell ratio was 10: 1. All reactions were done in triplicate. 
Results given are the mean cpm. 

Pi<Ttfg« $t Suppression of in vivo activated T cells by high 
10 doses of antigen. PBMCs obtained from patient PI on day 55 
were expanded in IL-2 for 14 days and then tested in LDA 
(limiting dilution analysis) for reactivity to pp 22-35 at 
concentrations of 0, 1 and 15 mM in the presence of 
autologous APCs, 

15 

Figure 7 . Association between acute rejection and Th 
reactivity to donor allopeptides. Serial blood samples were 
obtained from heart transplant recipients and tested in LDA 
for reactivity to donor HLA-DR peptides. LDA was considered 

20 positive if more than 1.5x10'* Th reactive to one or both of 
the donor's HLA-DR antigens were detected. Rejection was 
monitored by EMB and considered to be present when graded 
histologically IB or higher. Incidence of rejection one 
month following LDA was calculated by the product- limit 

25 method. 

riffWEff JLfiu SSu 9C ftfi4 PPt Intermolecv lar alloantigen 

spreading during the course of multiple acute rejection 
episodes. PBMCs were collected from each patient at various 

30 times following transplantation and tested in LDA for 
reactivity against peptides corresponding to each of the 
mismatched HLA-DR antigens of the donor. Th frequency was 
determined as described in Zhang et al., 1994. Grading of 
each biopsy at the time when the blood was collected is 

3 5 indicated. 
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D«t»U«d Description of fh, Invnti^ 

This invention provides for a method for monitoring 
allograft rejection in a transplant recipient which 
includes: (a) obtaining peripheral blood lymphocytes from 
5 the recipient; (b) incubating the lymphocytes with at least 
one synthetic allopeptide which corresponds to an 
immunogenic hypervariable epitope of a mismatched donor HLA- 
DR antigen under suitable conditions, and (c) contacting the 
incubate with a marker for T-cell activation to determine 
10 whether or not the incubate contains activated T-cells, 
thereby monitoring allograft rejection in the recipient. 

The synthetic allopeptide may include at least a portion of 

a peptide chosen from the group: DRS1*0101, DR£l*oi02, 

15 DRSl*0301, DRS1*0302, DRS1*0401, DRSl*0102, DRfil»0403,' 

DRS1*0404, DRSl*040S, DRSl*0407, DRSl-0408, DRSl*0701,' 

DRS1*0801, DRSl*0802, DRSl*0803, DRE1*0804, DRfil*090l' 

DRSl*1001, DRS1-1101, DRfil.1102, DRSl*1104, DRSl*1201,' 

DRSl*1301. DRS1*1302, DREH1303, DRS1M401, DRfil*140 2 ! 

20 DRS1*1502, DRS1*1S03, DRSl*1601, or DRSl*l602. 

The synthetic allopeptide may include a portion of a 
hypervariable region of an HIA-DR molecule. The portion of 
the HLA-DR hypervariable region may include amino acids 1- 
25 19, amino acids 20-40 or amino acids 41-80. 

The allograft may include a heart, a kidney, a liver, skin, 
bone, bone marrow, an eye, h-ir, or a lung. 

30 The determination of whether or not the incubate contains 
activated T-cells may include detecting T-cell 
blastogenesis, detecting lymphokine production by the T-cell 
or detecting expression of an activation marker by the T- 



cell. 
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The activation marker may be a monoclonal antibody. The 
monoclonal antibody may be CD69, CD64, LDA1, NDA4 or ylF. 
The activation marker may also be any early activation 
marker of T cells which measures specific early activation 
5 to the alloantigen (donor antigen) . The early activation 
marker may measure tyrosine phosphorylation. 

The synthetic allopeptide may include: amino acids 21-39 of 
a DRS1*0101 molecule wherein the recipient expresses a 

10 DR£1*1104 haplotype or a DRS1*1101 haplotype; amino acids 
1-19 of a DRJ5l*0301 molecule wherein the recipient expresses 
a DRS1*1101 haplotype; c.^inc acids 62*80 of a DR£l*0401 
molecule wherein the recipient expresses a DR£l*0701 
haplotype; amino acids 21-42 of DRS1*1101 molecule wherein 

15 the recipient expresses a DR3 haplotype; amino acids 21-40 
of DR£l*0401 molecule wherein the recipient expresses a 
OrSl*0701; amino acids 1-19 of a DRfcl*1301 molecule wherein 
the recipient expresses a DR£l*0701 haplotype; amino acids 
1-19 of a DR£1*1501 molecule wherein the recipient expresses 

20 a DR£l*0401 haplotype and a DR£1*1104 haplotype, or amino 
acids 21-29 of a DR£l*1503 molecule wherein the recipient 
expresses a DR£l*1501 haplotype. 

One embodiment of the present invention provides for a 
25 method for treating allograft rejection in a transplant 
recipient which includes administering to the recipient a 
mixture of soluble MHC derived from the recipient and at 
least one synthetic allopeptide which corresponds to an 
immunogenic hypervariable epitope of a mismatched donor HLA- 
30 DR antigen thereby treating allograft rejection in the 
recipient . 

Another embodiment of the present invention is a method for 
treating allograft rejection in a recipient which includes: 
3 5 (a) determining whether or not allopeptide reactive T-cells 
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(b) 



are present in the recipient, and if such cells are 
present , and 

administering to the recipient a mixture of soluble MHC 
derived from the recipient and an allopeptide which 
5 comprises ERVRLLERCIYNQE, so as to treat allograft 

rejection in the subject. 

The present invention also provides a method for inhibiting 
chronic allograft rejection in a recipient which includes 
10 administering to the recipient a peptide antigen 
corresponding to an epitope on a donor allo-MHC molecule so 
as to induce tolerance in the recipient and thereby inhibit 
chrome allograft rejection in the recipient. 

15 The peptide antigen may be administered to the recipient at 
a dose of about 10 micrograms per million lymphocyte cells 
of recipient. The dose may also be from about 5 
micrograms/million lymphocytes to about 200 micrograms/ 
million lymphocytes. 

20 

Another embodiment of the present invention is a vaccine 
against an allopeptide which includes a synthetic T-cell 
receptor peptide which is designed to react against a 
mismatched MHC-DR allele of an organ donor. The mismatched 

25 MHC-DR allele may include: DrfiLOlOl wherein the recipient 
expresses a DRSl*H04 haplotype or a DRSl'1101 haplotype- 
DRfii*0301 wherein the recipient expresses a DRSi*noi 
haplotype; DRfil*0401 wherein the recipient expresses a 
DRfil*0701 haplotype; DRfil*l301 wherein the recipient 

30 expresses a DRSl*0701 haplotype; DRSL1501 wherein the 
recipient expresses a DRSl*0401 haplotype and a DRSl*ll04 
haplotype, or DRSm503 wherein the recipient expresses a 
DRfil*l50l haplotype. 

35 Another embodiment of the present invention is a method for 
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detecting chronic allograft rejection in a subject which 
includes identification of an immune response to an 
alloantigen in the subject whiwl* comprises : (a) obtaining a 
blood sample from the subject which sample contains 
5 peripheral blood T-cells;(b) incubating the PBMCs in a 
mixture including an allopeptide, which allopeptide 

comprises GKTRPRFLWQLKFECHFFNG ( Seq . I . D . No . ) , 

LKFECHFFNGTERVRLLERC (Seq. I.D. No. ), 

TERVRLLERCIYNQEESVRFDS (Seq. I.D. No. ), 

10 I YNQEESVRFDSDVGEYRAV (Seq. I.D. No. ), 

DVGEYRAVTELGRPDAEYWN (Seq. I.D. No. ), 

TELGRPDAEYWNSQKDLLEQ (Seq. I.D. No. ) or 

DLLEQRRAAVDTYCRHNYGVGESFT (Seq . I.D. No . ) under 

conditions suitable for peripheral blood T-cell activation; 

15 and (c) evaluating the capacity of the peripheral blood T- 
cell to react against the allopeptide indicating an immune 
response of the subject against the alloantigen, thus 
detecting allograft rejection in the subject. The 
evaluating the capacity in step (c) may include detecting T- 

20 cell blastogenesis, detecting lymphokine production by the 
T-cell or detecting expression of an activation marker by 
the T-cell. The activation marker may be a monoclonal 
antibody. The activation marker may be CD69 or CD64 . The 
CD69 or CD64 may be manufactured by Becton-Dickenson. 

25 

In one embodiment of this invention, the allopeptide nay 
include at least a portion of a sequence of a dominant 
determinant of an allogenic MHC molecule of an allograft 
donor. The sample may include about 5 cc to about 20 cc of 
30 blood. The allograft may include a heart, a kidney, a 
liver, skin or a lung. 



Another embodiment of the present invention is a method for 
detecting chronic allograft rejection in a subject which 
3 5 includes identification of an immune response to an 
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alloantigen in the subject which includes: (a) obtaining a 
blood sample from the subject which sample contains 
peripheral blood T-cells; (b) incubating the pbmcs in a 
mixture including an allopeptide, which allopeptide may 
include ERVRLLERCIYNQE (Seq. I. D . No .___, under conditio J 
suitable for peripheral blood T-cell activation; and (c) 
evaluating the capacity of the peripheral blood T-cell to 
react against the allopeptide indicating an immune response 
of r* subject against the alloantigen, thus . detecting 
allograft rejection in the subject. The evaluation of the 
capacity in ste p ( c ) ra ay include detecting T-cell 
histogenesis, detecting lymphokine production by the T-cell 
or detecting expression of an activation marker by the T- 
cell . 



15 



The present invention also provides for a method for 
screening for allograft rejection in a subject which 
includes: (a) obtaining a blood sample from the subject 
which sample contains peripheral blood T-cells- (b) 
20 incubating the peripheral blood T-celle in a reaction 
mixture including donor-matched synthetic allopeptides which 
allopeptides comprise GKTRPRFLWQLKFECHFFNG (Seq I D 

No, ), LKFECHFPNGTERVRLLERC (Seq. I D No ')' 

TERVRLLERCIYNQEESVRFDS (Seq. I D No ' )' 

25 I YNQEES VRFDSDVGEYRAV ( Seq ID " Nq * ' 

DVGEYRAVTELGRPDAEYWN (Seq. j .d] No ' 

TELGRPDAEYWNSOKDLLEQ (Seq. I. D . No J 

DLLEQRRAAVDTYCRHNYGVGES FT (Seq. I. D . No ) under 

conditions suitable for peripheral blood T-cell activation,- 
30 and (c) determining whether or not the peripheral blood T- 
cells are activated thereby detecting allograft rejection in 
the subject. 

Another embodiment of the present invention is a method for 
35 screening for allograft rejection in a subject which 
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includes: (a) obtaining a blood sample from the subject 
which sample contains peripheral blood T-cells; (b) 
incubating the peripheral blood T-cells in a reaction 
mixture including a donor-matched synthetic allopeptide 
5 which allopeptide comprises ERVRLLERCI YNQE (Seq. I.D. 

No. ) under conditions suitable for peripheral blood T- 

cell activation; and (c) determining whether or not the 
peripheral blood T-cells are activated thereby detecting 
allograft rejection in the subject. 

10 

The present invention further provides for a method for 
treating allograft rejection in a subject which includes: 
(a) determining whether or not allopeptide reactive T-cells 
are present in the periphery of the subject, and if such 

15 cells are present; and(b) administering to the subject a 
mixture of soluble MHC derived from the subject and an 
allopeptide chosen from the group GKTRPRFLWQLKFECHFFNG (Seq, 

I.D. No. ), LKFECHFFNGTERVRLLERC (Seq. I.D. No. ), 

TERVRLLERCIYNQEESVRFDS (Seq. I.D. No. ), 

20 I YNQEESVRFDSDVGEYRAV (Seq. I.D. No. ), 

DVGEYRAVTELGRPDAEYWN (Seq. I.D. No. ), 

TELGRPDAEYWNSQKDLLEQ (Seq. I.D. No. } or 

DLLEQRRAAVDTYCRHNYGVGESFT (Seq. I.D. No. >, so as t^ 

treat allograft rejection in the subject. 

25 

The present invention further provides for a method for 
treating allograft rejection in a subject which includes: 
(a) determining whether or not allopeptide reactive T-cells 
are present in the periphery of the subject, and if such 
30 cells are present; and (b) administering to the subject a 
mixture of soluble MHC derived from the subject and an 
allopeptide which includes ERVRLLERC I YNQE (Seq. I.D. 
No. ), so as to treat allograft rejection in the subject. 

35 A further embodiment of the present invention is a method 
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for inhibiting chronic rejection of an allograft in a 
subject including controlled activation of alloreactive T 
helper cells which includes: (a) determining the dominant 
epitope on an allo-MHC molecule of an allograft donor and 
5 the subject; and (b) administering to the subject a mixture 
including soluble MHC derived from the subject and a 
synthetic peptide chosen from the group GKTRPRFLWQLKFECHFFNG 

(Seq. I.D. No. ), LKFECHFFNGTERVRLLERC (Seq. I.D. No ) 

TERVRLLERCIYNQEESVRFDS (Seq. i. D . No )' 

10 I YNQEES VRFDSDVGEYRAV (Seq. i. D . No ' 

DVGEYRAVTELGRPDAEYWN (Seq. I ' D . No )' 

TELGRPDAEYWNSQKDLLEQ (Seq. i. D . No . Q ' r 

DLLEQRRAAVDTYCRHNYGVGESFT (Seq. I.D. No. ) so as to 

inhibit chronic rejection of the allograft in the subject. 

The present invention further provides for a method for 
inhibiting chronic rejection of an allograft in a subject 
including controlled activation of alloreactive T helper 
cells which includes: (a) determining the dominant epitope on 
an allo-MHC molecule of an allograft donor and the subject; 
and(b) administering to the subject a mixture including 
soluble MHC derived from the subject and a synthetic 
peptide, which peptide includes ERVRLLERCIYNQE (Seq. I.D. 

No. ) so as to inhibit chronic rejection of the allograft 

25 in the subject. 

The present invention further provides for a vaccine against 
allopeptides which includes synthetic T cell receptor 
peptides which are designed to react against a mismatched 
30 MHC-DR allele of an organ donor. 

Another embodiment of the present invention is a vaccine 
against chronic allograft rejection in a subject which 
includes synthetic T cell receptor peptide which peptide 
35 includes ERVRLLERCIYNQE (Seq. I.D. No. ). 



20 
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Another embodiment of the present invention is a kit for 
detecting chronic allograft rejection in a subject which 
includes: (a) at least one allopeptide chosen from the group 

GKTRPRFLWQLKFECHFFNG (Seq, I.D. No. ) , 

5 LKFECHFFNGTERVRLLERC (Seq. I.D. No. >, 

TERVRLLERCIYNQEESVRFDS (Seq. I.D. No. ), 

I YNQEES VRFDSDVGE YRAV (Seq. I.D. No. ), 

DVGEYRAVTELGRPDAE YWN ( Seq . I.D. No . ) , 

TELGRPDAEYWNSQKDLLEQ (Seq. I.D. No. ) or 

1 0 DLLEQRRAAVDTYCRHNYGVGESFT {Seq. I.D. No . ) ; and (b ) a means 

of determining activation of T-cells of the subject. 

A further embodiment of the present invention is a kit for 
detecting chronic allograft rejection in a subject which 
15 includes: (a) at least one allopeptide which allopeptide 

includes ERVRLLERCIYNQE (Seq. I.D. No. ) ; and(b) a means 

of determining activation of T-cells of the subject. 



As used herein, "alloantigen" encompasses any antigen 
20 recognized by different individuals of the same species. 

As used herein, "allotype" encompasses a genetically 
different antigenic determinant on a protein of an 
individual of the same species. 

25 

As used herein, "allogeneic" encompasses a genetically 
different phenotype present in nonidentical individuals of 
the same species. Allogeneic examples include blood group 
phenotypes and immunoantigeneic allotypes. 

30 

As used herein, an "allograf t" encompasses a transplant of 
an organ, tissue, bodily fluid or cell from one individual 
to a genetically nonidentical individual of the same 
species . 
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This invention is illustrated in the Experimental Detail 
section which follows. These sections are set forth to aid 
in an understanding of the invention but are not intended 
to, and should not be construed to, limit in any way the 
invention as set forth in the claims which follow 
thereafter. 
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gSFEMEEHTAfr PgTfTfcg EXAMPLE 1, 

Indirect Recognition of Donor MHC- Class II Antigens in Human 
Transplantation 

5 Abbreviation* - APC - antigen presenting cell; DAF - decay 
accelerating factor; MHC - major histocompatibility complex; 
HLA - human lymphocyte antigen; LDA - limiting dilution 
analysis; PBMC - peripheral blood mononuclear cell; Tc - 
cytotoxic T cell; TCL - T cell line; Th - T helper cell; 
10 TCR - T cell receptor. 

introduction 

To investigate the role of the indirect pathway of 
recognition in human allograft rejection, the dominant T 

15 cell determinant of the HLA-DRfil*0101 molecule presented by 
the DR£l*0101 antigen has been mapped* A synthetic peptide 
(pp 22-35) corresponding to the sequence of the dominant 
peptide determinant was used for testing the frequency of in 
vivo activated T cells in the graft and in the periphery. 

20 Drfil*0101 positive patients carrying a heart allograft 
mismatched for the HLA-DR1 antigen showed no reactivity to 
pp 22-3 5 during quiescence. However, IL-2 responsive T 
cells, which were pp 22-35 specific, were found in the 
circulation prior to and at the time of acute and chronic 

25 rejection. The response of in vivo and in vitro activated 
T cells was inhibited at high concentrations of peptide 22- 
35. This data suggests that indirect recognition plays an 
important rcla in allograft rejection and that it can be 
abolished by high zone tolerance induction. 

30 

The indirect pathway explains the extraordinary strength of 
alloreactivity since the many different peptides bound to 
the cleft of allogeneic MHC class I and class II molecules 
may trigger the activation of alloreactive (CD8* and CD*) T 
3 5 cells, respectively. This pathway, however, does not 
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in general, such anti-donor HLA antibodies are IgG in nalure 
suggesting theat T helper fThi , ^ nature 

5 processed for™ of the alloL ' Agnize 

required for th alloant ^n, provide the lymphokines 

required for the growth and maturation of a cells that 
produce the corresponding alloantihodies (Suciu-Poca et T 
1991a; Suciu-Foca et al 1991*1 T j. ' 

-x. ^r'j; r;r £ lo rr i<,n 

.Tal xL, '™ <»-». - wood, 1S54i ^ 

ax., 1994). Evidence to thi* pff^ 

15 experiments showing that il ^ pr ° Vided b V 

snowing that immunization with allopeptides 

IZIT"' rejection ° £ 9ra£ " » hi =- «xp- 

ZT " T 8PeeitiCall >' *> »"»*•"<= P.pcid«s d e tived 

20 ,r it"? o£ donor mc - ciaso u «- « 

al., 1994; Benichou et al. 1990. 

_ , . i»92; Fangmann et al.. 199?. 

Dalchau et al., 1992; Parker et al 199, c t ' 

1992; and Gallon et al., ms , ' ""^ et al " 

Studies in the human system have shown that indirect 
25 recognition of peptides derived from allogeneic 

molecules is MHO restricted and that it involves a limited 
T cell receptor (TCR) repertoire (de Koster et al i 98 9 • 

30 ^^i'T^rsr: r dies of the reiative 

airect and indirect recognition to 
alloreactivity showed that Th „.n ignition to 

latter h a „« Us P artici P*ting in the 

latter have a precursor frequency which is about 100 fold 
lower than that of the Th **rr*~s • 

=t al., 1992). 9 "* dlreCt "^ition (Liu 
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These experiments, however, were performed by immunizing T 
cells from healthy individuals with soluble HIA alloantigens 
or with synthetic allopeptides . No evidence has been 
provided as yet that T cells from transplant recipients are 
5 sensitized to donor allopeptides and that they may 
participate in graft rejection. This possibility has been 
explored by testing the capacity of T cells from patients' 
peripheral blood and graft biopsies to react against the 
dominant epitope of a mismatched HLA-DR antigen. 

10 

T cells from individuals carrying the DR£l*0101 allele 
recognize peptide 21-42 as the dominant immunogenic peptide 
of the DR1 molecule presented by the DRll antigen (Liu et 
al., 1992}. Mapping the immunogenic core of pp-21-42 and 

15 testing T cell reactivity to this peptide has been done in 
patients who carried the DR 11 antigen and received a heart: 
transplant mismatched for DRl, These experiments show for 
the first time that indirect recognition of donor MHC- class 
II takes place in the periphery and in the graft and 

20 contributes to both acute and chronic rejection. 

Matgriaiff and lattedi 

Patients : All donors and recipients were typed for HLA-Class 
I antigens by conventional serology and for HIA- Class II 

25 antigens by genomic typing of in vitro amplified DNA with 
sequence specific oligonucleotide probes . These studies 
included three heart allograft recipients who carried the 
DrSl*0101 allele and were transplanted with a graft which 
was HLA-DR mismatched only for Drf£l*Q101. All patients were 

3 0 monitored for rejection by endomyocardial biopsies (Winters, 
1991) . Biopsies were examined histologically and for 
lymphocyte growth in the presence of recombinant IL-2 (rlL- 
2) (Boehringer Mannheim, Indianapolis IN) at 5u/ml . PBMCs 
were obtained from the patient at the time of each biopsy. 
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P<?Pti<fr .^vnth^i p. Peptides were synthesized with an 
automated peptide synthesizer (430A, Applied Biosystems, 
Inc., Foster City, CA> , using modified Merrifield chemistry 
as previously described (Liu et al., 1992). Seven partially 
overlapping peptides, corresponding to residues 1-20 11-30 
21-42, 31-50, 43-62, 51-70 and 66-90 of DrSl*0101 chain and 
nine overlapping 14-mers peptides moving along residues 21- 
42 in single steps were synthesized (Bell et al., i 969) . 

Products and ExzW^i^ of qo1 „ h1p m 

Recombinant DR1 (rDRl) was constructed by the method of 
Scheirle et al. (Scheirle et al., i 992 > . The cDNA encoding 
the ». chain of DrSl*0l01 and decay accelerating factor (DAP) 
were prepared from the lymphoblastoid cell line l 0 w9004 
The external domains of the DRfi gene and the DAF gene were 
PCR-amplified using primers and amplification conditions 
previously described (Scheirle et al., 1992) . The DrSl-DAF 
fusion product was cloned with the TA Cloning System 
(invitrogen, San Diego, CA) and the sequence confirmed. The 
20 construct was subcloned into the pVL13 92 baculovirus 
expression vector (Invitrogen, San Diego, CA) and was 
transferred to the genome of the AcNP virus by homologous 
recombination. The recombinant virus <BV-DRSl*0l01-DAF) was 
Plaque purified and insertion confirmed by PCR The 
25 recombinant baculov^us BV-DFA-DAF contains the sequences 
encoding the or-chain of DR. The SF9 insect cells 
(invitrogen, San Diego, CA) were coinfected at loVml with 
BV-DRA-DAF and BV-DRfil'0101-DA,-. Surface expression of DRi 
molecules on infected SF9 cells was monitored by flow 
30 cytometry using the anti-HLA DR rnAb L243 (ATCC, Rockville 
MD). Ninety-six hours following infection, cells were 
washed two times with PBS and lysed with detergent in the 
presence of protease inhibitors. After preclearing, the 
rDRl protein was immunoprecipitated with mAb L243 coupled to 
35 Sepharose 4B at 4«C for 3 hours. The column was then 
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incubated with phosphoinositol phospholipase c (2u) for 2 
hours at 27°C. The elution of bound rDRl was performed 
using 50mM diethylamine and 150mM NaCl, pH U.S. The purity 
of the protein was greater than 95% as determined by SDS- 
5 PAGE and silver staining. The purified rDRl protein was 
dialyzed against RPM1 1640 before use as antigen (Harris et 
al. , 1992) . 

BsmalaBmsat ol Alip-pgptjfc Specific T Cell kin&a tvv 

10 Epitope Mapping , PBMGs (at 10 6 /ml) from a healthy male (LZ) 
with HLA-DR£l*1101/1201 genotype were primed in individual 
cultures (Liu et al., 1992) with each or the following seven 
DR1 peptides (5/xg/ml) spanning the first domain of the 
DrSl*0101 chain: 

15 
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pp 51-70 
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pp 66-90 
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30 

T cells were grown in 24 well res (Nunc, Inc., 

Naperville, ID in RPMl 1640 medium l . jplemented with 10% 
human AB serum, 2^M L-glutamine, and 50 ^g/ml gentamicin 
(Gibco, Grand Island, NY). On day 10, rIL-2 was added at 5 
35 n/ml. Fourteen days after priming, T cells were collected, 
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washed and restimulated at loVml with antigen, in culture 
medium containing rIL-2 (aou/ml) and irradiated (3000 rad) 
autologous PBMCs (2xloVml) . Following three stimulations 
two TCLs, named LZ-anti-ppl-20 and LZ-anti-pp21-42 . were 
5 obtained. 



Proliferation MSS3H - Responding T cells (2xl0Vwell) were 
cultured with irradiated APCs of responder or stimulator 
origin (SxloVwell) i„ round bot ^ m microtiter plates (Nunc 

10 inc., Naperville, IL) . Antigens were added to the cultures 
at the concentrations indicated, [*h] thymidine (l/xCi/well) 
was added after 48 hours, and the cultures were harvested 18 
hours later, ftn thymidine incorporation was measured in an 
LK Betaplate liquid scintillation counter (Wallace, inc 

15 Gaithersburg, MD) . Mean cpm in triplicate cultures and 
standard deviation of the mean were calculated. 



20 



25 



Qfl^aaaay: Spleen cells from the donor and PBMCs from the 
recipient and from HLA disparate controls were stimulate* 
with 2 M g/ml PHA (Sigma Chemical Co., St. Louis, MO) 2-3 days 
before use as targets for the CML assay. Lymphoblasts 
(2x10 /ml) were labeled with 51 Cr (O.lmCi/ml) at 37° C 
incubator. After 5 hours, the plates were spun again and 
0.1 ml supernatant from each well was transferred to a glass 
tube and counted in a Y counter (Packard, Downers Grove, 
ID . Specific lysis was determined using the formula.- [lOOx 
(Experimental release- spontaneous release) / (maximum release- 
spontaneous release)]. 



30 Sit i ng Dilution AnaWs f T .m> nf Th p^rp i-^ y in . h - 

Per i phery . The LDA study of Th frequency in the periphery 
was performed using the method described by Zhang et al 
(Zhang et al., 1994) with some modifications. PBMCs were 
plated at 2x10*, 1x10* and 5x10* cells per well (24 wells for 
3 5 each concentration) in 0 . 1 ml medium containing 4 0 U/ml of 
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rIL-2. On day 7, 0.1 ml fresh medium with rIL-2 was added 
to each well. After 14 days, each culture was split into 3 
aliquots: one was cultured with autologous (patient) 
irradiated PBMC (5xl0 4 /well) , the second with autologous 
5 PBMC plus pp 22-35, and the third with donor spleen cells 
(5xl0 4 /well) . The cultures were pulsed with [ 3 H] thymidine 
(l^Ci/well) after 48 hours and harvested 18 hours later. 

Liaising Pilvtjc-n Analvgjg af Th Essgusna: ft™?nqr Lymphgrngg 

10 Infiltrating the Graft: Biopsy tissue was washed twice with 
medium supplemented with 5u/ml rIL-2. Cell growth was 
checked everyday. The medium was changed twice a week. T 
cells infiltrating the graft were further expanded in medium 
with rIL-2 for 7-14 days. When the cell number reached 

15 1x10*, they were harvested and plated at 400, 200 and 100 
cells per well in the presence of autologous PBMC (5xl0 4 /per 
well) in 24 replicate cultures. Cultures were maintained 
and assayed for reactivity as described above. The 
precursor frequency of Th cells recognizing pp 22-35 and 

20 donor spleen cells was analyzed by Poisson statistics (Liu 
et al., 1992; and Zhang et al . , 1994). 

25 Mapping of Dominant and Cryptic Imrninoaenic Peptides of the 
DRi Molecule Presented bv the DR11 Antigen. To monitor 
indirect recognition in allograft recipients, a 
determination was made as to whether T cel l recognize one 
or more peptides resulting from the processing of an 

30 allogeneic MHC molecule by responder APCs. For this, in 
vitro PBMC were immunized from a responder (LZ) , expressing 
HLA-DR £1*1101/1201, with seven partially overlapping 
peptides corresponding to the first domain of the Drfil*0101 
molecule. Only two of the seven peptides used, one 

35 corresponding to residue 1-20 (pp 1-20) and the other to 
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residue 21-42 (pp 21 _ 42) elicited blastogeneais 
presence of autologous APCs. The resulting T cell Unes 
were tested for their abilii-v ^ . 

, , aniiaty to recognize native rDRi 

molecule at various r>-r n *-~i~ e ruR1 

c • • „ various Protein concentrations. The tcl 

pp r° wae stimuiated ™ y * piptLe 

Lcs (Pi' s y r rDR1 Pr ° tein PreS - ted * autologous 

APCS (Figs. 1A and IB) . This indicates J 

represents a cryptic isogenic peptide derived from M 

m ° lecule » h «* is not efficiently processed Tv th 
10 responder's APCs. Pressed jy the 

in contrast, the TCL immunized against pp ai .„ reacted 

and ,„ tl - pp 21 . 42) « co9ni „ d ehe immimi » 
»0 when Pre ..nt,d by APCs c,^ the ^.^ ^ 

expre. slng dlf£erent „ ^ »«• 

PP l-» or p r „.„ co th . corre8po „ ding TCLs ™ 



25 



To identify the dominant determinant core of the DRi 

:: ::::: r; 2 overiapping i4 - mer «°lt*z 

IZ T J SyntheSized - Single residue steps 

Peptide 22-3S stimulated strongly the response of TCL anti- 

ZJ-1 " PreSenCS ° f aUtol ^°- APCs. No other 

Peptides elicited histogenesis except for pp 21-34 which 
was however, less stimulatory (Pig . 3) . Hence< residues 
22-35 comprise the core of the dominant DRI determinant 
recognized by D*l*iloi responders. determinant 
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Svppregflion of the Reactivity of tcl L2-anti-pp 21-43 wjj^ 
High Doses of the Peptide aajJLflSIIi The immune response of 
mature T cells can paradoxically be suppressed by high doses 
of antigen (Suzuki et al., 1968; and Critchfield et al, 
5 1994). The possibility of suppressing indirect 

allorecognition was explored by testing the reactivity of 
TCL LZ-anti-pp 21-42 to increasing concentrations of pp 22- 
35 in the presence of autologous APC. The reactivity of the 
line started to decline when the concentration of the 
10 peptide was increased above 3 /xM (Fig. 4) . Complete 
suppression was achieved at the concentration of 27 /xM. 
This result supports the notion that indirect recognition is 
amendable to suppression by use of high concentrations of 
dominant allopeptide, 

15 

In order to show that the suppression of the T cell response 
at high concentrations of pp 22-35 was specifically caused 
by this peptide, and not by an artifact of the culture 
conditions, the reactivity of TCL-ZL against pp 22-3 5 was 

20 tested in the presence of high concentrations of an 
irrelevant synthetic peptide corresponding to the N- terminus 
of the NDA4 molecule (KGNNDESNI SFKEKD (Seq. 

I.D. No. )) . TCL-ZL response to pp 22-35 at 1 /iM (17 x 

10 3 cpm) was not significantly affected by the presence of 

25 NDA4- derived peptide at concentrations of 30-50 /xM 15-17 x 
10 3 cpm) , suggesting that high- zone tolerance was induced 
only by the specific immunogen. T cells cultured with 27 /iM 
of pp 22-35 lost viability (>90% Preputium iodide positive) 
within 72 hours, while T cells grown with high concentration 

30 of the irrelevant peptide alone were unaffected . 

T Call Reactivity of Transplant ^tientg to the Dominant 
Epitope Qt the PRl Molecule 

To determine whether both the direct and indirect pathway of 
35 allorecognition contributes to rejection, the T cell 
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10 



15 



20 



25 



reactivity of three DRli positive patients to DR1 positive 
APCs and to peptide 22-35, presented by self APCs were 
monitored at biweekly intervals for the first 3 months 
following transplantation and monthly thereafter, one of 
' these patients, DT, was free of rejection for the entire 
period (12 months) of observation. l L -2 expanded T cells 
from the periphery failed to react to pp 22-35. None of the 
biopsies obtained from DT yielded growing lymphocytes. 

The second patient, CB, was also free of acute rejection 
episodes during the first eleven months following 
transplantation, showing no lymphocyte growth from biopsies 
or histological evidence of cellular rejection. After 12 
months, however, the patient entered chronic rejection 
developing anti-donor HLA antibodies' and coronary artery 
disease. At this time, LDA analysis of IL-2 grown T cells 
from the periphery revealed the presence of Th capable of 
recognizing PP 22-35 in the presence of recipient APCs, at 
a frequency of 6x10- (Table 1) . However, when tested for 
direct recognition of donor splenocytes, this IL-2 grown 
population of peripheral T cells failed to react in 3 -day 
blastogenesis assays. Hence, the patient exhibited in the 
periphery, activated IL-2R positive T cells engaged in the 
direct but not in the direct pathway of alloreactivity 
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Circulation and 

Circulation Graft 
T helper cell frequency in response to: 



Pat 
ien 
ts 


Time 

after 

Trans 

plant 

ation 


Se 
If 
PB 
MC 


DR1 
pp22- 
35+self 
PBMC 


Donor 

Spleen 

cells 


Self PBMC 


DR1 

pp22-3 5 

♦self 

PBMC 


donor 

spleen 

cells 


DT 


12 Mo 


0 


0 


0 


No T cells 
grown out of 
biopsy 








i. nU 


u 


u 


u 


No T cell's 
grown out of 
biopsy 








12 Mo 


0 


6.0X10** 


0 


No T cells 
grown out of 
biopsy 






PI 

i 
\ 


27 d 


0 


0 


0 


No T cells 
grown out of 
biopsy 








41 d 


0 


7.4x10** 


0 


No T cells 
grown out of 
biopsy 








55 d 


0 


8.0x10"* 


0 


0 


4.3X10* 4 


1.1X10* 2 




82 d 


0 


6.5x10'* 


0 


0 


3.3X10* 4 


1.0x10** 



•Lymphocytes derived from Patients PBMC and graft were 
cultured in medium containing IL-2 for 14 days and then 
tested in LDA for reactivity for pp 22-35 and donor spleen 
20 cells, in a 3 day proliferation assay. The cell frequency 
was analyzed by Poisson statistics. 
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The third patient (Pi, showed focal lymphocytic infiltrates 

lLhlV raftS ' COnSiStent With Ejection, and 

lymphocyte growth from the biopsy taken on day 55 and 82 
following transplantation. 

5 

LDA analysis of peripheral blood T cells revealed the 
presence of pp 22-2S specific Th at a frequency of 7.4x10- 
as early as day 41, ± . e . 14 dayg before ™ 

10 7111 ^ hi3t ° l0gy ^ ^ h °^ e ^ assays 

10 (Table 1, . This IL-2 expanded population of peripheral » 

comprised no cells capable of direct recognition of donor 
APCs Acute ceUular rejecC . on documente(J 

histologically and by the lymphocyte growth assay on day 55 

15 If , 82 « Th V requen 7 of Th reacting to pp - 22 - 35 — *™- 6 

15 on day 5S and 6. 5X10- on day 82 in the- periphery. These IL- 
2 expanded lymphocytes did not react against donor 
splenocytes. In contrast, lymphocyte cultures from day 55 
and 82 biopsies showed frequencies of l.ixlO* and 1x10* 

20 2*r re " tiV ' T CellS ' reapeCti -^- ^y 55 and 82 
20 cultures also contained T cells which recognized p P 22-35 of 
frequencies of 4.3x10- and 3.3x10- respectively (Table 1, 
Hence at the time of rejection the graft was infiltrated by 
T cells recognizing donor alloantigens both via the direct 
and indirect pathway. However, the frequency of t cells 
25 capable of direct recognition was about 25-30 fold higher 
than that of T cells capable of indirect recognition. CML 
assays revealed the presence of cytotoxic T cells which 
produced 37% and 30% lysis of PHA- a ctivated donor 
splenocytes on day 55 and 82, respectively (Fig. 5). 

Cytofluorometric testing of T cells expanded from the biopsy 
showed that 80% of the cells had the CD4 and 20% of the CD 8 
phenotypes . 

35 in v j trp Inhibition of Patient's Reactivity to the Dominant 
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Determinant of the DR1 Molecule. Because indirect T cell 
alloreactivity is limited to a single dominant determinant, 
selective immune interventions, such as induction of high 
zone tolerance may be useful to prevent rejection. 

5 

To establish whether the reactivity of in vivo activated T 
cells to peptide 22-35 can be suppressed by high 
concentrations of antigen the following experiment was 
performed: PBMC from patient PI were cultured for 14 days at 

10 different cell concentrations in medium with IL-2. Cultures 
were then tested in the presence of autologous APCs for 
reactivity to pp 22-35 at concentrations of ipM and 15^M. 
At 1/iM of antigen there were 8xl0~ 6 reactive T cells while 
at ISpM there was no reactivity (Fig. 6) . These data 

15 indicate that high concentrations pf allopeptide can inhibit 
the reactivity of T cells engaged in the indirect pathway. 

Blasaailffltt 

20 The role of direct recognition in allograft rejection has 
been extensively documented (Sherman and Chattopadhyan, 
1993; and Shoskes and Wood, 1994) . Significantly less is 
known, however about the role of indirect recognition. 

25 Although the indirect recognition pathway is not expected to 
generate a very high precursor frequency of alloreactive T 
cells, such helper T cells may play an important role in 
initiating and perpetuating chronic rejection. Thus, T 
helper cells recognizing allopeptides derived from the 

30 processing of donor MHC antigens may produce lymphokines 
which mediate antibody production, Tc activation, DTH-type 
reactions, endothelial cell injury and subsequent 
arteriosclerotic lesions. 

3 5 The aim of the present study was to determine whether 
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indirect recognition occurs in transplant recipients 
undergoing acute of chronic rejection. To follow the 
activation of the indirect T cell recognition pathway in 
transplant recipients the dominant immunogenic peptide of 
the DR1 molecule was first identified. T cells immunized in 
vitro with pp 21-42 reacted to soluble rDRl protein, 
indicating that the dominant epitope of the DRl molecule 
resides within these residues. Further epitope mapping 
experiments showed that the core of this dominant 
determinant corresponds to residues 22-35. A cryptic 
determinant residing within residue 1-20 was also found. 
Although, the possibility that determinant spreading to 
cryptic determinants may occur (Sercarz et al., 1993) during 
chronic antigenic stimulation cannot be dismissed, the fact 
15 that both in man and in mice (Benichou et al., 1994) a sole 
determinant appears to from the dominant T cell epitope, 
opens the way to specific immunotherapy. 



10 



20 



Having identified pp 22-35 as the dominant determinant of 
the DRl molecule, whether this peptide is recognized by 
activated T cells from DR11 positive patients transplanted 
with a DRl positive graft was determined. Using an 
experimental approach similar to that described by Zhang et 
al. for the study of T cells specific for MBP (Zhang et al., 
25 1994), the ability of activated, IL-2 responsive T cells 
from the peripheral blood and from graft tissue to react 
directly or indirectly against the DRl antigen was tested. 



30 



In previous studies it was showed that Th cells capable of 
recognizing an allo-MHC peptide presented by self APC, are 
present in the circulation of healthy individuals at a 
frequency of about 1/250,000 (Liu et al., 1992). The 
corresponding frequency of MLC- reactive Th cells, capable of 
direct recognition, is at least 100 fold higher (Liu et al., 
35 1993). However, in healthy individuals these cells are 
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present in the circulation in a resting state and become 
activated only after in vitro immunization with allogeneic 
cells or MHC allopeptides. IL-2 expanded lymphocytes from 
the blood of healthy individuals or patients transplanted 
5 with a DR1 -negative graft, show no direct or indirect 
reactivity against the DR1 antigen. 

Analysis of IL-2 expanded PBMCs from DR11 positive 
recipients transplanted with a DR1 positive heart, showed 

10 that neither pp 22-35 or DR1 positive APCs elicited T cell 
reactivity, while the patients were in quiescence. However, 
prior to and during rejection, pp 22-35-reactive-T cells 
were present in the circulation suggesting that indirect 
recognition of donor alloantigens takes place in the 

15 periphery. 

The IL-2 expanded population, however, comprised no cells 
reacting directly against donor splenocyted indicating that 
T cells activated by direct recognition of graft HLA Class 
20 II antigens are absent from the peripheral blood T cells 
from patients undergoing rejection do not display 
accelerated responses against donor APC in 3 -day MLC. 

Analysis of T cells infiltrating the graft at the time of 
25 rejection revealed a heterogeneous population consisting of 
Th cells reacting with peptide 22-35 presented by recipient 
APC, Th cells reacting with the DR1 antigen expressed by 
donor APCs and Tc cells capable to lyse specifically donor 
cells. Study of Th frequencies showed that direct 
30 recognition prevailed over indirect recognition within the 
population of lymphocytes infiltrating the graft. This 
observation requires some explanation, however, because it 
is assumed that direct recognition of the allograft By CD4* 
helper T cells relies heavily on the presence of MHC-Class 
35 II positive donor APCs in the grafter tissue. Since such 
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cells migrate out of the graft relatively early following 
transplantation, it is expected that the role of direct T 
cell recognition of the graft is confined to early acute 
rejection (Sherman and Chattopadhyan, 1993; Shcskes and 
Wood, 1994; and Lechler and Batchelor, 1982). Because the 
biopsies, from which T cells were grown, were obtained on 
day 55 and 82, it is possible that they still contained 
donor MHC-Class II positive APCs. 



20 



10 On the other hand, if donor APCs had already left the graft 
direct recognition may have been triggered by vascular 
endothelial cells expressing high levels of HLA-DR antigens 
Upregulation of MHC-Class II expression might have been 
induced by gamma interferon secreted by Th involved in 
15 xndirect recognition. This possibility is supported by the 
finding that pp 22-35 reactive T cells were already present 
in the periphery two weeks prior to rejection. Hence, 
indirect T cell recognition, may actually take place before 
darect recognition, due to the processing and presentation 
by host APCs of MHC-Class II antigens shed from the graft 
The subsequent activation of the direct T cell recognition 
pathway should result in the expansion of a wide repertoire 
of alloreactive T cells, capable to recognize the many 
different peptides bound to the donor MHC molecules. This 
population is likely to overgrow the oligoclonal population 
of T cells recognizing indirectly the dominant determinant 
of the allogeneic MHC molecule. CD4 positive T cells, 
activated directly or indirectly by donor MHC molecules -y 
provide help to graft specific CD8* cytolytic T cells. 
Because the recipient antigen-presenting cells are always 
available, T cell recognition of precessed forms of donor's 
MHC allo-antigens may take place at any time, contributing 
to antibody production and chronic rejection. 

35 The fact that the fine specificity of indirect 



25 



30 
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allorecognition is limited to a single determinant of donor 
MHC molecule, and that there is a limited usage of TCR VS 
genes by T cells responding to allopeptides (Liu et al., 
1993) suggests that selective immunointervention could be 
5 achieved by TCR vaccination, treatment with ant i -TCR 
antibodies or tolerance induction to the dominant epitope, 
as proposed for autoimmune diseases (Critchfield et al., 
1994; Howell et al . , 1989; Vandenbark et al., 198 9; and 
Krensky and Clayberger, 1995) , 

10 

In an effort to explore the possibility that the response to 
the dominant epitope can be abolished the effect of high 
concentrations of peptide 22-35 on the reactivity of in 
vitro and in vivo activated T cells was investigated . It 
15 was found that the response of allopeptide specific T cells, 
which have been activated in vitro and in vivo, is 
suppressed by high concentrations of peptide 22-35. 
Induction of high zone tolerance may therefore, be a viable 
option for preventing rejection. 

20 

This is the first demonstration that activated T cells 
involved in the indirect pathway cf allorecognition are 
present at the site of allograft rejection as well as the 
periphery and that their reactivity can be specifically 
25 blocked by high concentrations of antigen. 
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BXMBPl? Z\ fadir»fif recognition P »i-h^ Y ffuppr .„.^ Ky g gg 
antagonist frftaad Qn th> dMln , n , f TIA-DR i B j^ r 

Acute rejection is mediated primarily by T cells engaged in 
the direct recognition pathway which involves both the 
allogeneic MHC molecule and its associated peptide ligand 
Because of molecular mimicry with self MHC-peptide 
complexes, the allogeneic target (MHC plus peptides) elicits 
a very strong and heterogeneous response, in which as many 
as 10% of T cells can be engaged. As expected the T cell 
receptor repertoire specific for alloantigen is diverse. In 
spite of its sudden and violent character, acute rejection 
can be reversed by use of steroids, 0KT3 , ATC and increased 
doses of conventional immunosuppression. However, it has 
been shown that during acute rejection soluble alloantigen 
is released from the injured graft and stimulates anti-HLA 
antibody production (Lechler et al . , 1990 and Lo et al., 
1989). The antigen must, therefore, processed by APCs and 
presented in the form of MHC-bound allopeptides to T cells, 
resulting in systemic activation of both the cellular and 
humoral arm of the alloimmune response. The hypothesis is 
that allopeptide reactive T cells provide the helper factors 
required for the production of anti-HLA antibodies wnich 
mediate graft atherosclerosis and chronic rejection 



To prevent chronic rejection the indirect recognition 
pathway should be blocked in a specific way which does not 
compromise immune homeostasis. This implies that T c*lls 
recognizing the dominant epitope should be 'tolerized', e.g., 
30 energized or deleted. 



One of the most efficient approaches for specific 
immunosuppression resides in the use of TCR antagonists. 
Such antagonists can be generated by changing crucial T cell 
35 contract residues on peptide antigens. Complexes between 
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MHC and TCR antagonists bind to the same region of the TCR 
normally engaged by antigen/MHC complexes, and block T cell 
reactivity. 

5 Design of TCR antagonists 

The identification of the core epitope of the DR4/69-88 
peptide has been accomplished. From that information, the 
peptide spanning residues 71-84 was deemed the most potent 
in stimulating the proliferative response of TCL-PR. The 

10 peptide KRAAVDTYCRHNYG (Seq. I.D. No, ) carries the 

expected anchor residues required by the peptide binding 
motif of the DTR£l*1101 restriction molecule (i+7) as well 
as the TCR contact residues involved in the stimulation of 
TCL-PR. 

15 

TCR 

Peptide 4/71-84 KRAAVDTYCRHNYG 

MHC 

(Seq. I.D. No. ) 

20 

Peptide binding motif 

of DTRfil*1101 (i+7) Hy,X,X,X,X,X,X,R/K 
{Seq. I.D. No. ) 

25 The methodology for the design and analysis of hemagglutinin 
TCR antagonists have been previously described by A. Sette 
et al., and may be adapted to obtain synthetic peptides 
which bind efficiently to HLA-DTRS1*1101 yet fail to 
stimulate antigen specific proliferative responses in TCL- 

30 PR. 

The panel of synthetic analogues of 4/71-84 which may be 
synthesized will retain the alanine and arginine anchor 
residues shown to be important in DR11 binding. The 
3 5 secondary anchors, within the sequence, probably reside at 
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i + 3 and i+5. Thus, the probable TCR contact residues are in 
positions i-i, i + i, i+2 , i+4/ i+6 and perhaps i +8 . First, 
the focus is on preparing analogs containing substitutions 
at positions i + i, i+2 , i +4 , and i +6 . The substitutions 
5 which have been most successful at producing powerful 
antagonists have been isosteric. 

KRAGVDTYCRHNYG 4/71-84 74 A to G (Seq. I.D. No._ 

KRAWDTYCRHNYG 4/71-84 74 A to V (Seq. I.D No 

10 KRASVDTYCRHNYG 4/71-84 74 A to S (Seq. I.D No ~ 

KRAAADTYCRHNYG 4/71-84 75 V to A (Seq. I.D. No.__ 

KRAAGDTYCRHNYG 4/71-84 75 V to G (Seq. I.D. No 

KRAVLDTYCRHNYG 4/71-84 75 V to L (Seq. I.D. No._ 

KRAAVDSYCRHNYG 4/71-84 77 T to S (Seq. I.D. No. 

15 KRAAVDDYCRHNYG 4/71-84 77 T to D (Seq. I.D. No. 

KRAAVT-7YCRHNYG 4/71-84 77 T to V (Seq. I.D. No._ 

KRAAVDTYSRHNYG 4/71-84 79 C to S (Seq. I.D. No. 

KRAAVDTYARHNYG 4/71-84 79 C to A (Seq. I.D. No. 

KRAAVDTYNRHNYG 4/71-84 79 C to N (Seq. I.D. No 
20 

To increase resistance against enzymatic degradation the 
first residue is synthesized with D lysine rather than with 
L lysine. The terminal carboxyl group is also amidated. 

25 SlM&agflBnia fl n d_ b-t B dinq mm for tMti n o Q f mt^^fj. 

paptld M , 

This panel of analogs will be first tested for their ability 
to stimulate the proliferation of TCL-PR at doses ranging 
from l to lOOOOnM, using the parent peptide 4/71-84 as a 

30 control. The relative antigenicity will be expressed as the 
dose required to produce the half-maximal proliferation of 
TCL-PR. From this experiment it was possible to determine 
the relative antigenicity of each peptide and identify 
peptides which may have partially or completely lost their 

35 ability to stimulate TCL-PR. It is possible that some these 
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peptides will retain their ability to stimulate TCL-PR and 
thus, should be classified as agonists rather than 
competitive antagonists. The lack of antigenicity of 
antagonist peptides to PBMCs from Drfil*1101 positive 
5 responders will be confirmed in LDA experiments. 

Next, the relative capacity of each analogs to act as a TCR 
antagonists may be assessed. APC may be prepulsed for 2 
hours with a suboptimal dose of 4/71-84 peptide or 

10 recombinant DR4, followed by washing to remove unbound Ag. 
APC were then incubated with various concentrations of the 
analogs. Since very low levels of Ag occupancy of MHC 
molecules on the APC surface are required to achieve a 
suboptimal T cell response, and since the half -life of MHC- 

15 AG complexes is long, the APC surface will present a fixed 
amount of antigen and varying amounts of MHC -analog 
complexes. This permits the assessment of TCR antagonism. 
To avoid possible complications due to recycling of MHC 
and/or back signaling from the APC to the T cells, APCs may 

20 be pulsed and then fixed. By comparing the antigenicity and 
antagonism data, the analogs may be placed into one of the 
following four categories: 1) Agonist peptides which retain 
some degree of antigenicity 2) Antagonist peptides which 
demonstrate pure antagonistic behavior in the absence of any 

25 antigenicity. 3) Partial agonist /antagonist which elicit 
lymphokine production or display some antigenicity at high 
doses and some antagonism at lower nonantigenic doses. 4) 
Null peptides that demonstrate neither antigenicity nor 
antagonism. 

30 

In parallel experiments one may measure the binding affinity 
of each analogue to the HLA-DRfil*1101 molecule relative to 
the parent peptide. For these experiments one may employ 
the system which was previously described. Briefly, soluble 
35 Drfil*1101 molecules (5-10nM) purified from SF9 insect cells 
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are incubated in the presence of SnM 125 I radiolabeled 
peptide 4/71-84 and various concentrations (1 to 10000 nM) 
of analogue peptide, in protease inhibitor cocktail, for 48 
hours at 26<C. The DR pepcide complexes are separated from 
free peptide by high performance gel filtration 
chromatography on a TSK column. Fast eluting counts 
represent the DR-peptide complexes. These counts are 
plotted versus the concentration of analogue used in the 
inhibition assay to obtain the iose at which 50* inhibition 
of binding of peptide 4/71-84, yet fail to stimulate TCL-PR 
act by antagonism rather than MHC competition or blockade 
(because competition can occur only if the binding affinity 
is significantly higher) . 

15 RESULTS 

Prom these series of experiments one may identify one or 
more competitive, antagonists peptides which bind to 
DrfiiniOl in the nM range yet fail to stimulate antigen 
specific proliferation of TCL-PR. Such peptides should bind 
well in the groove of DrSiniOl, engage the TCR expressed by 
TCL-PR, yet they should fail to initiate successfully the 
signaling pathway which leads to T cell proliferation. The 
capacity of the analog peptides to inhibit T cell responses 
in this manner will be measured at the subcellular, 
25 cellular and intracellular levels. 

Antagonist peptides which eliminate indirect recognition of 
allopeptidee processed and presented by recipient APC have 
the potential of becoming therapeutic tools for the 
30 treatment of chronic rejection. 

Poss i ble Problems and alt-A-r ^ jye aT >r,™»n^ 
It is possible that using the initial panel of 12 analog 
peptides one may fail to identify a DR4 specific antagonist. 
35 These 12 analog peptides (4 sets of 3) may have been 
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generated by performing substitutions at positions i+i, i+2, 
i+4 and i+6 {three substitutions at each positions) . i n the 
event that it is not successful one may try other amino 
acids for substitutions at these positions and at the 
5 secondary anchors (i+3 and i+5) . 

T c+l\ ynyefpgiiiivepa M to th« dominant allo P «t>tid a « P it OP « 
^dygeq fey, high flog* Wtiwn. TCR aaoniaf or MH C -paotida 

10 

MHC-associated self peptides mediate both positive and 
negative selection. One explanation for this conceptual 
paradox has led to the following affinity-avidity model. In 
the thymus, TCRs of the immature thymocyte encounter MHCs 

15 loaded with a variety of peptides * that have different 
binding affinities to the TCR and are expressed at different 
densities on the surface of selecting cells. A relatively 
high affinity TCR-peptide/MHC interaction can lead to 
positive selection as long as the density of the TCR and 

20 that of the peptide-MHC complex are below certain levels. 
Cell undergoing negative selection {tolerance) may receive 
more of the same signals than that received by cells 
undergoing positive selection. Alternatively, engaged TCRs 
at high densities may generate signals that are 

25 qualitatively different from the signals generated by 
engaged TCRs at low densities. Since TCR agonists 
represents structural variants of the dominant epitope which 
maintain antiaenicity, yet can be selected for higher 
affinity for MHC, they can be useful for inducing tolerance 

30 at relatively lower doses. 

Another way of inducing, tolerance consists of using the 
peptide antigen complexed to soluble MHC of responder type. 
Antigenic presentation occurs, in this case, in the absence 
3 5 of costimulatory molecules which stimulate T cell 
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activation. 



10 



These three related strategies may be explored for tolerance 
induction (high dose tolerance, TCR agonists, and peptide - 
MHC complexes) using as a tool TCL-PR, which is specific for 
the dominant epitope of DR4 presented by DrSl*noi. The 
nature of the biochemical changes which underlie the loss 
of the T cell proliferative ability will be analyzed at the 
level of signal transmission and lymphokine transcription. 

induction of high dam SP i^ nn?ir 

The objective of these studies is to establish whether high 
doses of dominant peptide are tolerogenic. To increase 
resistance against enzymatic degradation D-Lysine is placed 
15 at the N-terminus and the C-terminus is amidated. We have 
established that the optimal dose of the dominant peptide 
(4/71-84) required for inducing maximal proliferation of 
TCR-PR is S/ig/ml or approximately 5xlCT 7 M. Increasing 
concentration of peptide 4/71-84 (ranging from 10* 8 to 10' 4 M) 
20 may be used to determine the dose required to reduce 
proliferation to the background values observed in cultures 
with APCs and no peptide. The viability of the cells will 
be assayed and physiological studies will be performed to 
determine whether the lack of proliferation results from the 
25 induction of enery of apoptosis. 

The work that may be done to examine apoptotic cell death 
include preputium- iodide sta'ining-DNA-laddering and FACS 
analysis using biotin labeled nucleotides and TdT 

30 transferase an indicator of DNA fragmentation are described 
below. For the DNA laddering assays T cells (lxlO 6 ) are 
pelleted and lysed in buffer containing 0.09M Tris, 0.09M 
boric acid, 0.002M EDTA, 75,*g/ml proteinase K, 2% SDS and 
50u/ml of Rnase and incubated on ice for 2 hours. The cell 

35 extracts are diluted in gel loading buffer prior to agarose 
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gel electrophoresis. DNA is then visualized by a UV 
transilluminator . 



The FACS procedure to show DNA breaks is as follows: 5x1 0 5 
5 cells are fixed in 1% formaldehyde, centrifuged and 
resuspended in ice cold 70% ETOH to permeabilize the cell 
membranes. To link the DNA breaks to Biotin* , the cells 
are mixed in a reaction mixture containing 37.8ml of MilliQ® 
water, 5ml TdT buffer <1M sodium cacodylate, ImM DTT, 

10 0.5mg/ml of serum albumin, 5ml of CaC12 (25mM) , 2ml of 
Biotinylated* 11-dUTP and 0.2ml of TdT enzyme. The total 
mixture is incubated for 3 0 minutes at 30°C, washed and 
resuspended in PBS. The cells are then stained with 
staining buffer containing 25ml of SSC (2GX) , 54ml of 

15 MilliQ* water, and 0.7ml of Avidin* FITC. The cells are 
incubated at room temperature in the dark, washed and 
analyzed by FACS. 

If unresponsiveness is not determined by apoptosis, then one 
20 may investigate whether reactivity can be restored by adding 

IL-2. Endogenous production of IL-2 and IL-4, following 

high dose tolerization, may be measured by quantitative PCR. 

If unresponsiveness is determined by apoptosis one may rule 

out the possibility that high doses of the tolerogen are 
25 toxic, using high doses of an identically prepared peptide 

which binds to HLA-Drfil*1101 but does not stimulate TCL-PR. 

DR1 which bind to DrSl*1201 may be used as a control. 

Induction of tolerance bv um of TCR ftTOAlfftf 

30 The methodology for the design of TCR agonists has been 
previously described. A panel of 4/71-84 analogs containing 
the following substitutions at probable DR contact positions 
may be prepared. Anchor residues reside at i and i+7. 
Secondary anchors may reside at i+3 and i+5. Agonists may 

3 5 be prepared as shown below. 
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Possible agonist analogs: 
4/71-84 73 A-»Y y 
73 A-L L 
5 73 A-I J 

76 D-»E E 
78 Y^F p 
*D-Lysine "Amidated COOH terminus 

10 First one may perform a comparison of agonists binding to 
recombinant HXA-amoi protein using „ gt 

parent peptide. These experiments may identify t £ 
analog (s) which have ^ V ^ f 

is p:::-L to dispiay higher - — — - *z: 

Next it may be established whether the agonists is still 
antigenic and stimulates the proliferation of TCL-PR if 

20 t M " ^ th6n dOSe may be determined at which 

20 this agonists may allow one to identify peptides which are 
-re potent than the parent peptide for induction of 

charaT" ^ fW1Cti ° nal ^ «* to 
characterize possible changes undergone by TCL-PR as a 

consequence of tolerance induction * 

25 

ntfwttw Pf wtTinm to ao of „.,..w Tl 

sm?ltx«st 7n zifcca aadaJj 

e'ffit 16 ,T PePt±de C ° mPleXeS WSre P~viou.ly shown to be 
0 D^liox T ^ igen " aPeCific °f EAE. Soluble HLA- 

1 *° PUri£i6d f0rm SF9 transfectants 

using the methodology detailed in previous studies 

H^r 101 Pr ° tein bS l0aded ^ P^tide using 

S tha^ ^ ^ 3 C ' PreVi ° US inVeS ti9ati °- ^hown 

that 20 % occupancy can be achieved. in some preliminary 
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experiments it was found that loading was more efficient in 
slightly acidic conditions, which induce a conformational 
change in the structure of HlA-Dr, that is more favorable to 
peptide exchange. Under these conditions it can be obtained 
5 up to 40% occupancy but with lower yield, as some of the 
HLA-DR molecules denature. MHC/peptide complexes are 
purified by gel f iltration/HPLC as previously described. 

The dominant peptide epitc; e 4/71-84 will be used for 
10 loading the Dr 1101 protein. In a first series of 
experiments, TCL-PR (IxlO 6 ) will be cultured with 1-lOpg of 
HLA-DR 1101 protein loaded with peptide 4/71-84, a control 
peptide or with medium alone. After 24 hours the cells will 
be washed and then cultured with fresh APCs, peptide 4/71-84 
15 at the optimal concentration (5ug/ml) or recombinant iL-2 
(20units per ml) . 3 H-TdR incorporation will be measured 
after 72 hours. Treatment with DR 1101-peptide 4/71-84 
complexes may result in inhibition of clonal proliferation. 

20 It is possible, however, that inhibition can also be 
obtained using complexes of MHC protein with agonists which 
display altered avidity for the TCR. Agonist peptides may 
be loaded to MHC protein at the same level of occupancy as 
the achieved by peptide 4/71-84. The two types of MHC- 

25 peptide complexes, e.g. one with 4/71-84 and the o'zher with 
the analog, may be compared in a dose- response titration 
experiment to establish their relative effectiveness as 
tolerogens . 

30 Eiffffhtaipil chtrictt rization of signaling yvqatg la 

Anergized T cells are defective in their ability to release 
intracellular calcium and are unable to synthesize IL-2, 
IL-4, I FN mRNA or secrete measurable IL-2 after antigenic 
35 stimulation. This hyporesponsiveness is reversible if the 
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cells are stimulated with PMA and ionomycin. To determine 
whether any of the methods which are planned to be used for 
tolerance induction renders the cells anergic by these 
subcellular criteria, the measurement of PI metabolism, Ca + 2 
and cytokine transcription after suppression to TCL-PR 
reactivity may be carried out. 



15 



An early biochemical event associated with TCR activation in 
T cells is the release of soluble inositol phosphates 
10 (InsPl-S)from the membrane phosphoinositide pool. The 
measurement of inositol phosphates is readily performed with 
small numbers of T cells using a modification of a 
previously described technique. Briefly, the tolerized T 
cell clones are labeled with 3 H inositol. DRBl*noi 
positive APC are loaded with parent ' peptide 4/71-84 and 
incubated overnight. Labeled T cells are added to each well 
and TCR activation is allowed up to 10 min. Incubation is 
terminated by the addition of acid. The acid extract is 
neutralized and applied to a Whatman Partisil SAX* 10 column 
20 equilibrated in water. The InsPl, lnsP2 and InsP3-5 
metabolites are eluted in a step gradient of ammonium 
phosphate. Authentic InsP standards are used to calibrate 
the column. By this method it may be possible to compare 
the phospoinositide hydrolysis resulting from T cell 
25 activation initiated by the ligand (i.e. parent 4/71-84 
peptide/MHC complex) . 

If there is no increase in soluble inositol phosphate 
metabolites (InsP3> it may be concluded that the tolerogen 
3 0 has interfered with PLC activation and the hydrolysis of 
phosphoinosides . 



Peptide-reactive T cell clones release Ca+ + from their 
intracellular storage pool into the cytosol in response to 
the specific antigen presented by MHC. Anergized T cells 
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have a marked reduction in their release of Ca++ in response 
to the specific antigen, although their response to 
ionomycin remains unchanged. 

5 "Anergized* T cells will be loaded with Indo-1 in culture 
media and analyzed by fluorescence. Next, stimulator APCs, 
which have been pulsed with 4.0uM 4/71-84 peptide may be 
added, and the flow analysis is repeated. Unpulsed APCs are 
used as controls. The mixture of "anergized" T cells and 
10 APCs will be centrifuged to establish cell-cell contact, and 
then resuspended and analyzed for response. The 
fluorescence shift should be diminished if bona fide anergy 
has occurred- Ionomycin (100 mg/ml) is used as a positive 
control for Indo-1 loading. 

15 

Detection of Cytokine mRNA bv Northern Analysis 

It is known from in vitro experiments that in response to 
antigen, certain anergic clones produce lymphokines such as 
lFNg, 1L3, GMCSF in the absence of lfc-2 production. 
20 Similarly in vivo anergized T cells, which proliferate 
poorly in response to antigen, may retain some normal 
lymphokine response. 

One embodiment of this invention is to ablate not only the 
25 proliferative capacity of T cells but also lymphokine 
production. One may monitor by Northern Blot Analysis the 
transcription of IL-2, IL4, IFNy, TNFB, IL-3 and GMCSF . 
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SaBBlfl 3? Blockage of alloBPecif In T. p infraction in Tff . 

vlvo and scip-mou«» aadtUj 

The cooperation of allopeptide specific T helper cells with 
5 B cells with 13 receptors for the same alloantigen results 
in the production of anti-HLA antibodies which cause chronic 
rejection. The following scenario is envisioned: B cells 
bind antigen with their antigen receptor membrane 
immunoglobulin (ig) and then internalize and present 
10 processed peptides on their MHC-class II molecules to T 
cells. Allopeptide-specific T cells recognize the processed 
antigen on the B cell surface, become activated, and drive 
B cell maturation. Ch^nic rejection is accompanied by the 
release of in the circulation of donor HLA antigens and the 
15 production of anti-HLA antibodies. T cells which are able 
to recognize peptides derived from the processing of 
allogeneic MHC molecules are able to provide antigen- 
specific "help" to autologous B cells. 

20 Bwrerat i ffn of anti-PR, ig secret- ina b ivmpho^^ s n n Pr m 

positive recinients of a np <- r? n ?T7 ] ^ , 

These studies establish the frequency of anti-DR. Ig 
producing B cells in patients' peripheral blood circulation, 
using the ELISA Spot or RIA assays described hereinabove. 
25 To compare the number of Ig-secreting B lymphocytes among 
samples obtained before and during rejection, the values may 
be normalized to the number of Ig-secreting B cells/105 
PBMC. Sequential bleedings are cryopreserved from 12 DR11 
positive recipients of a DR. allograft. 

30 

Quant i tation of aUospecifir b cells in 

Stimulation, 

T and B cells will be purified from PBMCs obtained at the 
time of transplantation and later when anti-DR. antibodies 
35 were first seen in the patients' serum. b cells will be 
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stimulated with 1) rDR4 , 2) rHLA-DR absent in the donor 
(negative control) and 3) tetanus toxoid (positive control) . 
Specific Inhibition of T helper Activity. 

Specific Inhibition of Th-B cell cooperation in SCID mice 
5 transplanted with patients' PBMC. 

Kx«gple 4? Indirect Recognition of DonorHLA-DR Peptides in 

Qrq*a All9qr»ft sj»1«<?tipn 

10 To determine whether indirect allorecognition is involved in 
heart allograft rejection T cells obtained from peripheral 
blood and graft biopsy tissues were expanded in the presence 
of IL-2 and tested in limiting dilution analysis (LDA) for 
reactivity to synthetic peptides corresponding to the 

15 hypervariable regions of the mismatched HLA-DR antigen (s) of 
the donor. Serial studies of 32 patients showed that T cell 
reactivity to donor allopeptides was strongly associated 
with episodes of acute rejection. The frequency of 
allopeptide reactive T cells was 10-50 fold higher in the 

20 graft than in the periphery indicating that T cells 
activated via the indirect allorecognition pathway 
participate actively in acute allograft rejection. In 
recipients carrying a graft differing by two HLA-DR alleles 
the response appeared to target only one of the mismatched 

25 antigens of the ionor. Indirect allorecognition was 
restricted by a single HLA-DR antigen of the host and 
directed against one immunodominant peptide of donor HLA-DR 
protein. However, intermolecular spreading was demonstrated 
in patients with multiple rejection episodes by showing that 

30 they develop allopeptide reactivity against the second HLA- 
DR antigen. These data imply that early treatment to 
suppress T cell responses through the indirect pathway of 
allorecognition, such as tolerance induction to the dominant 
donor determinant, may be required to prevent amplification 

35 and perpetuation of the rejection process. 
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INTRODUCTION 

The long-term function of organ allografts is often 
compromised by rejection, a complex phenomenon which 
involves both the cellular and the humoral arms of the 
5 immune response. The mechanism of allograft rejection is 
not completely understood, although it has become 
increasingly clear that recipient T helper (Th) cells become 
activated upon direct recognition of MHC/peptide complexes 
present on the membrane of passenger dendritic cells of 
10 donor origins (Steiman and Witmer, 1978; Mason et al., 1981; 
Lechler and Batchelor, 1982; and Matzinger and Bevan, 1977) ' 
This vigorous response, which appears to violate the rule of 
self MHC restriction, is driven primarily by antigenic 
mimicry (Lechler et al., 1990 and Lechler et al., 1992). In 
non-sensitized transplant recipients, T cells activated via 
the direct allorecognition pathway are thought to be 
important for initiation of early acute rejection. However, 
these directly activated T cells seem to be less critical at 
later times, following departure of donor dendritic cells 
from the graft, because upon recognition of donor MHC 
molecules on "non-professional" antigen presenting cells 
(APCS) that lack co-stimulatory elements, they may become 
anergized (Lo et al . , 1989; Caspar! et al., 1988; Bradley, 
1996; and Benichou and Fedoseyeva, 1996). 



15 



20 



25 



More recently, several lines of evidence have indicated that 
the indirect recognition pathway, which describes the 
stimulation of recipient T cells by allopeptides processed 
and presented on self -MHC expressed by recipient APCs, is a 
30 major contributor to rejection. Thus, during rejection of 
skin, kidney of heart allografts, T cells recognizing 
processed forms of donor MHC antigens associated with host 
restriction elements were detected in the primary lymphoid 
organs of mice and rat recipients (Benichou et al . , 1992; 
35 Watschinger et al., 1994; and Sayegh and Carpenter, 1996}! 
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Animals immunized with soluble class I or class II 
allogeneic MHC molecules or with synthetic MHC allopeptides 
were capable of accelerated rejection of skin allografts 
(Dalchau et al., 1992/ Fangmann et al . , 1992; and Sayegh et 
5 al,, 1992). Studies using MHC class II deficient mice as 
donors showed that in the absence of direct recognition T 
cells activated via the indirect pathway initiate rapid skin 
allograft rejection (Auchincloss et al., 1993 and Lee et 
al., 1994). Alloreactive, self MHC restricted T cells were 
10 shown to provide the lyntphokines required for the generation 
of cytotoxic T lymphocytes (CTL) , alloantibodies and 
delayed-type hypersensitivity (DTH) responses (Bradley, 
1996; Fangmann et al., 1992; Auchincloss et al., 1993; Lee 
et al., 1994; and Parker, 1993). 

15 

In the human model it has been demonstrated that two 
distinct populations of T cells, one involved in the direct 
and the other in the indirect recognition pathway, are 
activated after mixed lymphocyte culture (MLC) stimulation 
20 (Liu et al., 1993). Furthermore, T cells immunized in 
vitro with synthetic allopeptides respond specifically to 
the native alloantigen in the presence of self-APCs (Liu et 
al., 1992; Liu et al., 1995; and Colovai et al., 1996). 

25 Both in mice and in humans, T cell proliferation to an 
allogeneic MHC protein was limited to a single dominant 
determinant and restricted by a self -HLA-DR molecule 
(Benichou and Fedoseyeva, 1996; Liu et al., 1992; Colovai et 
al., 1996; and Benichou et al., 1994). T cell receptor 

30 (TCR) -VS gene usage by T cells responding to the dominant 
allopeptide was also shown to be limited (Liu et al., 1992; 
and Liu et al., 1993). This suggests that indirect 
recognition is amenable to specific immunointervention 
(Bradley, 1996; Benichou and Fedoseyeva, 1996; Sayegh and 

35 Carpenter, 1996; and Colovai et al . , 1996). 
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A detailed understanding of when and how the indirect 
pathway becomes activated in immunosuppressed organ 
allograft recipients should provide valuable insight into 
the development of strategies to block T cell alloreactivity 
5 through the indirect pathway. 

Because allopeptide-specif ic T cells require that donor 
alloantigens be shed from the graft, proteolyzed and the 
resulting fragments bound to a MHC class II molecule of the 
host, it is important to establish whether their activation 
is the cause or consequence of early acute rejection and 
whether they recognize single or multiple determinants of 
donor HLA-DR antigens. To address these questions, we have 
evaluated the frequency of activated T cells recognizing 
IS donor allopeptides has been evaluated, in peripheral blood 
and biopsy tissue of heart allograft recipients during the 
early post-transplantation period. in vivo activated T 
cells were expanded in IL-2 and tested in LDA for reactivity 
to synthetic peptides corresponding to each of the 
20 mismatched HLA-DR antigens of the donor. The results 
provide evidence to support the role of the indirect 
recognition pathway in recognition. The data also suggest 
that one of the mismatched HLA-DR antigens is preferentially 
targeted by alloreactive T cells. Selective 
25 immunosuppression by be required for ablation of the immune 
response to this specific determinant. 



MATERIALS AND METHODS 

Patient — WMSiffifiai. Thirty-two heart recipients were 
30 recruited for these studies during the first 10 weeks 
following transplantation. All gave informed consent under 
the auspices of the appropriate Institution Review Board. 
Patients were treated with cyclosporin A, prednisone and 
azathioprine . Endomyocardial biopsies (EMB) were performed 
35 routinely for monitoring rejection according to a standard 
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time schedule (Fisher et al., 1995). Four biopsy fragments 
were processed for histologic analysis and one was made 
available for immunologic studies (Fisher et al., 1995). 
Blood specimens were obtained from the patients at the time 
5 of EMB. Acute rejection, diagnosed on biopsies as 
histologic grade IB, 2 or 3A according to Billingham's 
criteria (Billingham, 1995), was treated with increased 
doses of immunosuppression* 

10 HLA Typing. All recipients and donors were typed for KLA-DR 
antigens by conventional serology and by molecular 
methodology using PCR-SSOP (sequence specific - 
oligonucleotide probe) . 

15 Paptida Svntheai». Synthetic peptide corresponding to 
residues 1-19, 21-39, 62-80 of DRfil chain from 32 HLA-DR 
alleles (DR£1*0101, DRfil*0102, DRfil*0301, DRfil*0302, 
DRfil*0401, DRB1*0402, DRS1*0403, DR£l*0404, DRSl*0405, 
DRfcl*0407,DRSl*0408, DRfil*0701, DRfil*0801, DR£l*0802, 

20 DRfcl*0803, DRfSl*0804, DR£l*0901, DR£l*1001, DRSl*1101, 

DR£l*1102, DRSl*1104, DRSl*1201, DRSl*1301, DR£l*1302, 
DR£l*1303, 

DR£l*1401, DRfil*1402, DRfcl*1501, DRf5l*1502, DR£l*1503, 
DR£1*1601, and Drfcl*16Q2) (Bodmer et al., 1994) were obtained 
25 from Chiron Mimotopes (San Diego, CA) and Peptide Innovation 
(Raleigh, NO . The purity of peptides was higher than 90%, 
as indicated by HPLC and mass spectometry. Synthetic 
peptides were dissolved in RPMI 1640 medium at a 
concentration of 2mg/ml. 

30 

UmltiOT Anmlvia of Allopentid* Raactive T C*ll» 

PBMCs were grown for 7 days in 96 well trays at 
concentrations of 4x10*, 2x10* , lxlO 4 per well (24 wells for 
35 each concentration) in RPMI 1640 medium supplemented with 
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10% human serum (Sigma, St. Louis, MO) and 50 units 
recombinant (r)IL-2/ml (Boehringer Mannheim, Indianapolis, 
IN), as described by Zhang et al. 1994. On day 7, plates 
were washed three times and each culture was split into four 
aliquots. Two plates were used for testing t cell 
reactivity to a cocktail of peptides (l^M of each peptide) 
corresponding to each of the mismatched HLA-DR antigens of 
the donor in the presence of irradiated autologous PBMCs 
(5xl0Vw.ll) . The third plate to which only self PBMCs 
(without peptides) were added, served as a negative control 
After 48 hours of incubation, the cultures were labeled with 
[ HjTdR and harvested 18 hours later. The forth plate was 
left unlabeled and kept for T cell expansion and HLA-DR 
restriction studies. The frequency was calculated as 
15 previously described (Zhang et al., 1994). 

EfrritlM BUttUaa ftP»lYlH,« of mSBasSAte r eact*™ T gam 
Infiltrating th« a n f^, 

Graft tissue (W/piece) was placed in 24 well plates 
containing 1x10* autologous APCs (irradiated with 3000rad) 
m RPMI 164 0 medium supplemented with 5 units rIL-2/ml and 
10% human serum. After 7 days the LDA was set up as 
described above. The cell concentrations were 800, 400 and 
200 cells/well for 24 replicate reactions. Fifty- thousand 
25 autologous APCs were added to each well. On day 7 the wells 
were split as ax^ve and T cell reactivity to allopeptides 
was tested in a 3 day blastogenesis assay. 

Cells from cultures corresponding to wells in which T cell 
reactivity to donor allopeptides was detected were expanded 
in 24 well plates in the presence of autologous APCs 
(lxloVwell) , stimulating peptide mixture and rIL-2 (20u/ml) . 
35 Cultures were restimulated every 14 days. After 3 or 4 



20 
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stimulations the resulting T cell lines were tested for 
reactivity to the individual peptides comprised in the 
mixture, in the presence of APCs from the recipient and from 
hemi-allogeneic donors sharing one HLA-DR antigen with the 
5 recipient. Allopeptide-reactivity was measured in 3 day 
blastogenesis assays as previously described (Liu et al., 
1992) . 

SfrfrtiPtiCf t Statistical analyses were performed using BMDP 
10 statistical software (BMDP Statistical Software, Inc., Los 
Angeles, CA) . The incidence of rejection one month 
following LDA was calculated by the product -limit method. 
Differences between groups were compared using Breslow 
statistics. A test of linear trend was used to analyze the 
15 relationship between allopeptide reactivity and progression 
of acute rejection (Dixon et al,, 1990). 

RESULTS 

AgUvitioa &f fchs Indirect RftcpqnlUqn Pathway Swing 

20 AU9?r»ft Rrlictton, 

To determine whether indirect allorecognition contributes to 
allograft rejection, T cells obtained from the peripheral 
blood of 32 heart transplant recipients were expanded in 
medium supplemented with rIL-2 and then tested for 
25 reactivity to synthetic allopeptides corresponding to the 
hypervariable regions of the mismatched HLA-DR antigens of 
the donor. Characteristics of the study population are 
shown in Table 2. 
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Table 2. Character±Btic« of Study Population 





No. of Patients 


Total 


32 


Gender 




Male 


26 


Female 


4 


Mismatched for 




1 HLA-DR 


13 


2 HLA-DR 


19 


LDA initiated on 




1st -2nd week 


12 


3rd-4th week 


11 


5th-10th week 


9 



10 



15 



20 



25 



30 



A minimum of two seriai PBMC specimens (mean 3.5) were 
obtained from each patient with elapsed intervals of l to 12 
weeks (mean 4.1 weeks) between collections. Following 7 
days of expansion in medium containing rIL-2, T cells were 
tested in LDA for reactivity against synthetic peptides 
corresponding to each HLA-DR antigen of the donor. T cell 
proliferation in response to one or both sets of donor DR 
peptides was considered indicative of in vivo activation of 
the indirect recognition pathway. Forty-nine out of the 120 
samples of PBMCs studied in LDA contained allopeptide 
reactive T cells. The frequency of acute rejection 
episodes, occurring one month following the LDA test, was 
significantly higher when allopeptide reactive T cells were 
present in the circulation, than when they were absent 
(p, 0.001) (Figure, 7) . 11-2 expanded T cells from 20 healthy 
controls showed no proliferation to mixtures of synthetic 
allopeptides. 



Fourteen recipients had concomitant PBMC and biopsy 
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specimens. Tests of linear trend revealed a significant 
correlation between allopeptide reactivity in the periphery 
(p, 0.001) and graft (p, 0.002), and progression of the 
rejection process (Table 3) . 
5 Table 3. Relationship Between T Cell Reactivity to Donor 
Allopeptide and Clinical Status 



Specimen LDA Time of LDA Testing 



10 





Results 


Before 
Onset 


Cone em- 
ail tint 


Resolving 


Quiescence 

NO 

rejection 


Total 


PBMC 


Positive 


18 


22 


6 


3 


49 




Negative 


10 


3 


11 


47 


71 




Total 


2B 


25 


17 


50 


120 








pcO.001 








Graft 


Positive 


2 


6 


1 


1 


10 




Negative 


1 


1 


0 


11 


13 




Total 


3 


7 


1 


12 


23 








p<0.002 









Table 3. IL-2 expanded T cells from the peripheral blood 
20 and graft biopsy tissue obtained at various times following 
transplantation were tested in LDA for reactivity to donor 
allopeptides . The number of specimens showing allopeptide- 
reactive T cells is indicated. The relationship between T 
cell reactivity to donor allopeptides and clinical status 
25 was calculated using the test of linear trend (Dixon et al., 
1990) . 

The presence of allopeptide reactive cells in the 
circulation was predictive of rejection in 18 of 28 cases 
30 (64%) . Although at the time of LDA testing, these patients 
showed no histopathologic evidence of rejection, the 
subsequent biopsy (performed within 1-4 weeks) showed 
rejection grade IB, 2 or 3. The early appearance of 
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allopeptide-reactive Th cells in the circulation suggests 
that these cells play a role in initiating rejection by 
producing the lymphokines required for the generation of 
CTL, DTH and inf laramatory responses. LDAS performed at the 
5 time of rejection revealed the presence of T cells activated 
by the indirect pathway in most PBMC (88%) specimens tested. 
During resolving rejection, which is characterized 
histologically by a lesser degree of graft damage than seen 
before rejection treatment (Billingham, 1995) , only 35* of 
10 PBMC samples studied showed allopeptide reactive T cells. 
Ninety- four percent of LADS were negative in patients with 
no histologic evidence of rejection for a period of one 
month, indicating that quiescence was related to the absence 
of allopeptide reactive T cells (Table 3) . The decreased 
15 incidence of positive LDA after treatment of acute rejection 
suggests that the indirect recognition pathway is 
susceptible, at least in part, to inhibition by conventional 
immunosuppressive drugs (methylprednisolone and 
cyclosporine) , consistent with other studies (Sawyer et al., 
20 1993; and Gallon et al., 1995). 

ESMHflBgy. «fld glA-PB Specificity of All o P « P tid« n».Hv. j 

C +H»i The frequency of allopeptide -reactive T cells was 
10-50 fold higher within the population of T cells 
25 infiltrating the graft than within the subset of peripheral 
blood T cells selectively expanded in medium with rIL-2 
(Table 4) . 
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This suggests that T cells activated via the indirect 
allorecognition pathway participate actively in acute 
allograft rejection, 

5 Of particular interest was the finding that although 19 of 
the heart recipients included in these studies were 
mismatched from the donor for two HLA-DR antigens, self-MHC 
restricted Th reactivity was directed against only one of 
the donor's HLA-DR antigens in 15 of these patients. 

10 

LDA studies of allopeptide reactivity showed that this 
biased T cell recognition of a single donor DR antigen 
occurred both in the periphery and in the graft (Table 4) . 
Because the frequency of allopeptide reactive Th cells 

15 infiltrating the graft during rejection was 10-50 fold 
higher, compared to the periphery, it is unlikely that the 
failure of recipient T cells to recognize the second 
mismatched HLA-DR antigen was due to the low frequency of 
the corresponding TCRs and/or to the insensitivity of the 

20 assay system. It is more plausible that there was 
differential processing and competition between allopeptide 
for occupancy of MHC-class II antigens on host APCs and that 
a single dominant allopeptide reached the stimulatory 
threshold (Benichou and Fedoseyeva, 1996; Barbey et al . , 

25 1995; Fling et al., 1994; and Morris et al., 1994). 

However, the T cell response to donor antigens during 
allograft rejection appears to be a dynamic process. Thus, 
in four patients who displayed multiple rejection epi~^des, 

3 0 indirect allorecognition of both donor DR antigens occurred 
at various times following transplantation (Figure 8) . In 
only one of these patients (Figure 8A) , who has mismatched 
from the donor by HLA-DRS*1501 and 0301, LDA study of the 
peripheral blood showed Th reactivity against both DR15 and 

3 5 DR3 peptides throughout the first rejection episode. A 
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second episode, occurring ll weeks following transplantation 
was accompanied fay reactivity against DR3 but not against 
DR15 peptides. In the remaining 3 patients alloreactivity 
was directed against a single donor DR antigen during the 
first episode, yet the response spread to include the other 
DR antigen during subsequent episodes of acute rejection 
(Figures 8B, 8C, 8D) . 

To identify the determinant (s) which T cells recognize 
during rejection, a llopeptide- reactive T cells from LDA 
studies were expanded in medium containing rIL-2, autologous 
apcs and the mixture of stimulatory peptides corresponding 
to the sensitizing HLA-DR antigen. The resulting T cell 
lines were tested for reactivity to each component of the 
15 mixture in the presence of hemi-allogeneic APCs sharing with 
the recipient one HLA-DR antigen. These experiments showed 
that although six of the eight T cell lines studied were 
obtained from HLA-DR heterozygous recipients, allopeptide 
reactivity was restricted by a single HLA-DR element of the 
20 host (Table 5). As indicated above, the response was 
directed against the dominant determinant of a single HLA-DR 
antigen, even when the donor was mismatched from the 
recipient by two HLA-DR alleles (Table 5, patients 
B.C.,I.P.,B.R.,X.J., P.J..H.M.) . 



25 
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Table 5. T cells, reaching in LDA co donor allopepcides, 
were expanded in medium containing the stimulatory peptide 
mixture. (1„M of each peptide) , rlL-2 (20 M /ml) and autologous 
APCs (ixio*) . The resulting T cell lines were tested for 
reactivity to each component of the mixture in the presence 
of APCs sharing with the recipient one HLA-DR antigen [»HJ 
TdR incorporation in 3-day histogenesis assay was measured 
by liquid scintillation counting. Mean cpm of triplicate 
reactions is indicated. The SD to the mean was less than 



20 



Mapping of the dominant determinant of the DRS*0101 
molecules recognized in vivo by DRS'iioi recipients 
confirmed previous in vivo studies, identifying peptide 21- 
15 39 as the dominant peptide. Seven additional dominant 
determinants were identified (Table 5). Peptide 21-39 of 
DRS.0101 molecule is also the dominant T cell epitope 
recognized by DRS*H04 responders. The dominant epitope 
DRB*0301 protein presented by DRS*0101 molecule is the 
dominant determinant presented in the context of DR£*0701 
Peptide 1-19 of the DRS*i30l protein is the dominant 
determinant recognized by t cells in the context of 
DRS.0701. Peptide 1-19 of the DRS*i 5 01 molecule is the 
dominant determinant which T cells recognize in the context 
of DRS*0401 and DRfi*H04. Finally, peptide 21-39 of DRSUS03 
is the dominant determined recognized by n R fi»i 50 i 
responders . 

Based on previous studies showing that when dominant 
30 allopeptides are used at high concentration they inhibit 
specifically the indirect recognition response it is 
expected that these newly mapped determinants may also 
induce high zone tolerance to the corresponding MHC molecule 
(Liu et al. , 1995) . 
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DISCUfiSION 

It is currently accepted that both the direct and indirect 
pathway of allorecognition are involved in allograft 
rejection. The frequency of T cells which directly 
5 recognize intact allo-MHC molecules on the surface of target 
cells is at least 100 fold higher than that of T cells 
recognizing allopeptides processed and presented by self MHC 
(Liu et al., 1993). This finding suggests that the direct 
pathway of allorecognition dominates the rejection response 
10 during the early post- transplantation period when MHC-class 
II antigens expressed on donor dendritic cells vigorously 
stimulate the T helper cell response of the host. 

However, the role of direct allorecognition seems to 
15 diminish after passenger leukocytes of donor origin have 
left the graft (Mason et al., 1981; and Lechler and 
Batchelor 1982) . Thus, experiments in rats have shown that 
adoptive transfer of alloreactive T cells, primed by the 
direct pathway, results in rejection of kidney allografts 
20 containing donor dendritic cells but has no effect on grafts 
depleted of passenger leukocytes (Braun et al., 1993) . 

Furthermore, although lymphokines produced by T helper 
cells, notably interferon y t induce MHC class II expression 

25 on endothelial - d epithelial cells of the graft, such 
defective non-professional APCs anergize rather than 
stimulate alloreactive T cells (Benichou and Fedoseyeva, 
1996; and Vidard et al., ^ 992) . In contrast to the direct 
recognition pathway which depends on the presence in the 

3 0 graft of professional APCs of donor origin, the indirect 
pathway is stimulated by allopeptides presented by 
professional APCs (dendritic cells, macrophages) of host 
origin. Because of the continuous supply of host APCs which 
have processed donor allopeptides, self -MHC restricted Th 

3 5 cells may perpetuate rejection, generating help for 
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activation of CTL and alloantibody production. This may 
eventually result in chronic rejection, a phenomenon which 
claims the function of almost 50% of all organ allografts 
within 5 years following transplantation. The prevention of 
this irreversible process may require the development of 
novel strategies for suppression of the indirect 
allorecognition pathway. The exquisite specificity of self- 
MHC restricted T cells for the dominant determinant of 
allogeneic MHC molecule, raises the possibility of using 
high doses of dominant peptide antigens for tolerance 
induction or of designing non- immunogenic analogs of the 
wild-type peptide which act as MHC blockers or TCR 
antagonists . 

15 However, the design of therapeutic protocols bases on the 
use of peptides awaits a detailed understanding of the 
relationship between self -MHC restricted T cell 
alloreactivity and rejection. 

20 The present study describes for the first time the kinetics 
of indirect allorecognition in patients with organ 
allografts. These investigations demonstrate that in heart 
transplantation the development and progression of acute 
rejection is strongly associated with the appearance both in 

25 the graft and in the recipient's circulation of T cells 
which react to donor HLA-DR peptides. Because the presence 
of allopeptide reactive T cells in the circulation was 
predictive of rejection, indirect alloreactivity see...-; to be 
the cause rather than the consequence of acute rejection. 

30 It is likely that following alloantigen recognition 
allopeptide primed T cells infiltrate the graft and secrete 
lymphokines which promote the generation of CTL, DTH and 
inflammatory responses characteristic of acute rejection. 
During resolving rejection and quiescence self -MHC 

3 5 restricted alloreactive T cells disappeared from the 
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circulation and graft tissue, in a pattern consistent with 
the concept that they play an active role in the acute 
rejection process. Although the frequency of allopeptide 
reactive T cells was 10-50 fold lower in the periphery than 
5 in the graft, the finding that they were detectable in the 
circulation before rejection could be recognized 
histologically on graft biopsies opens the way to the 
development of non- invasive procedures for early prediction 
of rejection. 

10 

Of particular interest was the finding that in recipients 
transplanted with heart allografts mismatched for two HLA-DR 
antigens primary episodes of acute rejection appeared to be 
triggered by only one of the donor's HLA-DR antigens. Study 

15 of Th reactivity in the circulation and in the graft showed 
that the response was specific for a dominant peptide 
derived from the polymorphic region of one of the donor's 
HLA-DR antigen. Although most patients were HLA-DR 
heterozygous Th reactivity to donor allopeptide was 

20 restricted in all cases by a single HLA-DR element of the 
host. 

This biased recognition of a sole allodeterminant in HLA-DR 
heterozygous donor-recipient combinations may reflect 

25 differential antigen processing and selection of specific 
peptides, a phenomenon presumed to be controlled by an 
allelic polymorphism in linkage disequilibrium with some 
MHC-class II genes (Benichou and Fedoseyeva, 1996; Barbey et 
al., 1995; Fling et al., 1994; and Morris et al., 1994). By 

30 contributing to the selection of MHC peptides available for 
presentation on MHC-class II molecules, this allelic 
polymorphism may play an essential role in T cell 
alloreactivity . 

35 However, the specificity of T cell responses to donor 
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antigens may change during depression of rejection since in 
a few patients with multiple acute rejection episodes 
alloreactivity spread from one donor HLA-DR to the second DR 
antigen. This finding has important implication for the 
design of antigen- specif ic immunotherapies for the treatment 
of acute and chronic rejection. 

It is possible that inflammation within the graft, 
interferon y production, tissue damage and upregulation of 
MHC expression may contribute to intermodular antigen 
spreading following a rejection episode. The observation 
that T cell specificities appear to change during the 
relapsing-remitting course of the alloimmune response is 
consistent with studies on autoimmune diseases (Benichou and 
15 Fedoseyeva, 1996; and McRae et al., 1995) as well as with 
the finding that the antibody response of transplant 
patients spreads from one alloantigen to another during 
rejection (Suciu-Foca et al., 1991). 



10 



20 



25 



30 



Mapping of dominant T cell allodeterminants is essential for 
the design of inhibitory peptide. Further immunogenetics 
analysis will be required to determine whether peptides 
which are dominant in the context of one HLA-DR restrictive 
element are cryptic when presented by the other haplotype. 
Although during the course of these follow-up studies no 
intramolecular spreading of epitopes was observed, ic 
remains possible that determinants which are cryptic when 
presented by one type of APC {dendritic cells for example) 
become dominant when presented by other APCs (such as B 
cells) (Benichou and Fedoseyeva, 1996; and Suciu-Foca et 
al., 1991). it will be important to determine whether 
alloreactive B cells, which participate in antibody-mediated 
chronic rejection, activate T cell reactivity to such 
cryptic allopeptides. 
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Taken together, the data indicate that following 
transplantation T cells recognize processed forms of donor 
HLA proteins associated with a host HLA-DR restriction 
element. The response of in vivo activated T cells is 
5 limited to a single dominant determinant of an allogeneic 
MHC molecule consistent with previous studies on human T 
cells allo-activated in vitro with soluble HLA-DR proteins 
(Liu et al., 1995), and on such T cells from mice undergoing 
skin allograft rejection (Benichou and Fedoseyeva, 1996) . 

10 

Because T cell receptor Bfi gene usage in response to the 
dominant allopeptide is also limited (Liu et al., 1992; and 
Liu et al., 1993), selective immune intervention such as 
treatment with anti-TCR antibodies or induction of tolerance 

15 to the dominant determinant may represent viable options for 
specific suppression of indirect recognition. Treatment to 
block the indirect recognition pathway may prevent the 
initiation and amplification of transplant rejection, 
particularly after professional APCs of donor origin have 

20 left the graft, rendering it less vulnerable to direct 
allorecognition. 

FttwtitpI • S f*t-r«fmTl«» for Early Diagnosis of Hea rt Allograft 

25 

Bigfcgrwad and ttethgfli 

Allograft rejection is mediated by T cells which recognize 
allogeneic major histocompatibility complex (MHC) molecules 

30 via the direct and indirect pathway. The direct pathway 
involves T cells which react against MHC/peptide complexes 
expressed on the surface of donor antigen-presenting cells 
(APCs). In contrast, T cells involved in the indirect 
pathway recognize peptides derived from the processing and 

3 5 presentation of allogeneic MHC molecules by self (recipient) 
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APCs. To explore the relative contribution of these two 
pathways to rejection the response of peripheral blood T 
cells from 50 heart transplant recipients has been 
evalutated against donor APCs (direct recognition) and 
5 against self APCs coated with synthetic peptides 
corresponding to the hypervariable region of the mismatched 
HLA-DR antigens of the donor (indirect recognition) . t cell 
reactivity against donor APCs was quantitated by measuring 
the expression of CD69 on allostimulated CD3\ LDA1* cells. 
10 Reactivity to synthetic allopeptides was determined in 
limited dilution assays. 

Serial studies of the kinetics of direct and indirect 
recognition showed that both pathways contribute to early 
acute rejection episodes. Primary rejection was accompanied 
invariably indirect recognition of a dominant allopeptide. 
Intermolecular spreading of T cell epitopes was observed 
during recurrent rejections. Enhanced recognition of donor 
alloantigens via the direct pathway was found predominantly 
during early rejection episodes. A single form of 
al Precognition was shown to occur in some rejection 
episodes. 

25 Conclusiopff 

Monitoring of the direct and indirect pathway of 
allorecognition provides a reliable method for prediction 
and differential diagnosis of acute rejection of heart 
allografts . 

30 

Recent advances in immunosuppressive therapy have resulted 
in a significant improvement of allograft survival rates. 
Currently more than 34,000 heart transplants have been 
reported to the Registry of the International Heart and Lung 
35 Transplantation (Hosenpud, J.F. et al., 1996). Although the 
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overall 1-year survival has increased to 70% in the 
cyclosporine era, there is a steady attrition of transplants 
at an annual rate of 4* for each of the subsequent years 
(Hosenpud, J.F. et al., 1996) . The major cause of death 
5 during the first year post-transplantation is acute 
rejection or infection. After this time, cardiac allograft 
vasculopathy, resulting most likely from chronic rejection, 
malignancies and late acute rejection are the prevailing 
causes of death (Hosenpud, J.F. et al,, 1996). The 

10 diagnosis of acute cardiac rejection is based primarily on 
morphological monitoring using the endomyocardial biopsy, an 
invasive procedure associated with possible complications 
and high cost (White, J. A. et al., 1995/ Billingham, M. 
1990/ Warnecke, H. et al., 1992/ Valantine, H. et al., 1991/ 

15 Hall, T. et al., 1986/ Wisenberg, G. et al., 1987/ and 
Sethi, G.K. et al., 1995). However, the endomyocardial 
biopsy remains the gold standard for monitoring rejection 
since no other approach has yielded so far comparable 
results (White, J. A. et al., 1995/ Billingham, M. 1990/ 

20 Warnecke, H. et al,, 1992/ Valantine, H. et al., 1991; Hall, 
T. et al., 1986; Wisenberg, G. et al., 1987/ and Sethi, G.K. 
et al. , 1995) . 

The possibility of monitoring allograft rejection by 
25 quantitating the patients' T cell reactivity against donor 
APCs and against synthetic peptides corresponding to the 
hypervariable region of the mismatched HLA-DR antigens of 
the donor has been explored. These two methods permit the 
evaluation of T cell allorecognition via the direct and 
30 indirect pathway (Suciu-Foca, N. et al., 1997 and Liu, Z. et 
al., 1996). The usefulness of this strategy for predicting 
and diagnosing the onset of acute rejection episodes in 
recipients of heart transplants is reported herein. 

35 
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MATERIAL AND METHODS 

g^iA Typing 

HLA-DR typing of donor and recipient pairs was performed by 
molecular methodology using PCR-SSOP (sequence specific- 
5 oligonucleotide probes) . 



Patients: 

Fifty heart recipients were recruited for these studies 
during the first 10 weeks af^er transplantation. All gave 
informed consent under the auspices of the appropriate 
institution review board. Patients were treated with 
cyclosporin A, prednisone and azathioprine . Endomyocardial 
biopsies dm) were performed routinely for monitoring 
reaction according to a standard time schedule (Fisher, 
P.E. et al., 1995). Blood specimens were obtained from the 
patients at the time of EMB . Acute rejection diagnosed on 
biopsies as histologic grade IB. 2 or 3a, according to 
Billmgham's criteria, was treated with increased doses of 
immunosuppression . 



P«ptld» SXUthaMiM 

Synthetic peptides corresponding to residues l-is, 21-39, 
62-80 of DRfil chain from 32 HLA-DR alleles (DRSl*0101,' 



25 



DRfil* 04 02, 
DR£l*0408, 
DRfil*O804, 
DRS1*1104, 
DRS1*1401, 



30 



DRS1*0102, DR8l*0301, DR£l*0302, DRSl*0401, 
DR15l*04O3, DRS1*0404, DRfil*0405, DR£l*0407,' 
DRSl*07Gl, DRS1*0801, DRfil*0802, DR£l*0803,' 
DRSl*0901, DRS1*1001, DRSl*1101, DR£l*1102,' 
DRfil*1201, DRfil*1301, DRfil*l302, DRSl*1303,' 
DRfil*1402, DRS1.1501, DR*1*1502, DR£1*1S03, DRfil*160l" "and 
DRS1*1602) were obtained from Chiron Mimotopes and Peptide 
innovation. The purity of peptides was higher than 90* as 
indicated by HPLC and mass spectrometry. Synthetic peptides 
were dissolved in RPMI 1640 medium at a concentration of 
2mg/ml (Liu, Z. et al., 1996). 
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frPA *n*3,ygiff — SJE — allopeptide reactivt T ce lle in the 
periphery. 

The method used for determining the frequency of allopeptide 
specific T cells in the peripheral blood of allograft 
5 recipients has been previously described (Liu, Z. et al., 
1996) . Briefly, peripheral blood mononuclear cells (PBMCs) 
were obtained from the patients at the time when 
endomyocardial biopsies were performed e.g. at weekly 
in^urvals during the first month and at two weeks intervals 

10 during the second and third month following transplantation. 
PBMC were counted and plated directly in 96-round well 
bottom trays at concentrations of 4,2, IxloVwell in 24 
replicate-reactions. The cells were then expanded for 7 
days in medium containing recombinant interleukin 2(rIL-2), 

15 and tested over the next 3 days for reactivity to donor 
peptides in split-well assays. A cocktail of three 
synthetic peptides corresponding to the hypervariable region 
of each mismatched HLA-DR antigen was used for stimulation. 
Blastogenesis was measured by 3 H [TdR] incorporation. The 

20 frequency of allopeptide reactive T cells was determined as 
previously described (Liu, Z. et al., 1996). 

Flow cytometric determination of T cell aUorqactivity via 
the direct recognition pathway, 

25 Ten to 15ml of peripheral blood were obtained from each 
selected patients. The blood specimen was collected in a 
sodium heparin containing tube and processed within 18 
hours . 

30 PBMCs were isolated by density-gradient sedimentation over 
a Ficoll-Hypaque gradient. Following depletion of CD14 
positive APCs the lymphocyte concentration was adjusted to 
2xlO A /ml. Cells were suspended in RPMI 1640 medium 
supplemented with 10% human serum, gentamicin and glutamine. 

3 5 Recipient PBMCs were incubated in 3 different Fisher 
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microcentrifuge tubes with: A) medium only; 2) equal numbers 
of B cells, isolated on Nylon Wool Columns from 
cryopreserved splenocytes of the corresponding donor and 3)B 
cells from the spleen of an irrelevant control sharing no 
HLA-DR antigen either with the recipient or with the 
specific donor. 

Cultures were incubated at 37°C for 4 hours, then washed and 
stained with mAb CD3 PerCP and CD69PE from Becton Dickinson 
Immunocytometry System, m some experiments mAb CD3 PerCP 
CD69PE and CD4S RO PITC were used as cell surface markers' 
After 15 minutes of incubation at room temperature in the 
dark, cells were lysed and permeabilized by incubation with 
FACSLyse and FACSFuse (Becton Dickenson) For io minutes at 
15 room temperature. The pellet was washed with PFA and 
stained for 30 minutes in the dark with lOul of mAb LDA1- 
FITC (lug/ml) . This reagent detects a late T helper cell 
differentiation marker (Suciu-Foca. N. etal., 1985). Cells 
were then washed 3 times in PFA, resuspended in PFA with 
20 formaldehyde and run on a FACScan flow cytometer instrument 
(BDIS) equipped with a iSmm Argon laser and a list mode 
acquisition multiparameter data file. Analysis was 
performed using CellQuest software on a 650 Apple Macinstosh 
Computer. Five parameter analysis (forward scatter, side 
25 scatter and 3 fluorescent) were used for data analysis. Fl. 
3 channel was used as fluorescence trigger and FL.l and FL.2 
as analysis parameters. Mouse IgG FITC and PE reagents were 
used as controls for nonspecific binding of test reagents 
and as markers for delineating the positive and negative 
3 0 populations. 



RgSTTLTS 

B«l»tigathip b«tw««n direct »n ^ , et ivi^ to donot . 
Sim II antiaena and *-Tltrtign 

A total of 75 sequential samples of blood were obtained from 
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40 heart allograft recipients and tested for reactivity in 
4 hour MLC with purified B cells from the donor or from an 
unrelated control, sharing no HLA-DR antigens with the 
respective donor- recipient pair. The percentage of CD3 
5 positive T cells, with intra-cytoplasmic expression of LDA1, 
which acquired membrane expression of CD69 after 4 hours of 
incubation was measured in each culture. Enhanced 
reactivity against the donor was considered to be present 
when the ratio between the percentage of CD69*CD3* T cells 
10 in mixed lymphocyte culture (MLC) with donor cells and in 
MLC with control cells was higher than 1. 

Analysis of the relationship between increased reactivity to 
donor cells and histopathologic diagnosis of rejection 
15 (biopsy grade IB or higher) showed a highly significant 
correlation (p<0.0001). Of the 75 samples tested, 15 showed 
increased reactivity in conjunction with an episode of acute 
rejection. In S cases rejection was not accompanied by 
increased MLC reactivity to the donor; 8 determinations were 
20 positive in the absence of rejection (Table 6) . However, 
the high correlation between rejection and increased T cell 
reactivity against the donor suggests the presence in the 
patient's peripheral blood of a population of Th cells 
sensitized via the direct recognition pathway against HLA-DR 
25 antigens expressed by donor cells. Because T cell 
reactivity in MLC is due primarily to molecular mimi<-ry and 
does not require specific allosensitization, both naive and 
memory T lymphocytes may contribute to the increased 
frequency of activated Th cells observed during rejection. 
30 To establish whether the allostimulated T cells derived from 
the pool of naive (CD45RA) or memory (CD45RO) lymphocytes, 
we determined the frequency of donor- reactive cells 
expressing the CD3 CD69 and CD45R markers in 46 sequential 
samples of blood obtained from 10 patients during the first 
35 6 months following transplantation. Reactivity against the 
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donor was considered to be enhanced when the frequency of 
CD45RO positive memory T cells expressing CD69 was greater 
in cultures with donor than in cultures with control 
stimulating cells. 

The data in Table 7 show that acute rejection was associated 
with increased activation of memory T lymphocytes expressing 
the CD69 and CD45RO markers (p<0.003) . This observation is 
consistent with in vitro experiments in which we monitored 
the expression of CD69 on CD45RA and CD45RO T cells 
stimulated with allogeneic B cells in primary and secondary 
MLC cultures. In primary 4 hour MLC the ratio between CD3* 
CD69-CD45RO* cells and CD3* CDS 9 CD45RA cells was 
approximately 1:1. when primary MLC were incubated for 10 
15 days with allogeneic cells and then rechallenged with the 
specific stimulator in secondary cultures the frequency of 
CD45RO* T cells, expressing the CD69 activation marker after 
4 hours of incubation, was four times higher than that of 
activated (CD69*) CD45RA* T cells. 



10 



20 



Hence, T cells sensitized in vivo during allograft 
rejection, or in vitro by MLC stimulation, derive primarily 
from the CD45RO subset and acquire the expression of the 
CD6 9 marker upon restimulation with APCs expressing the 
25 specific MHC class II molecules. 

R«l«teigaghlp Ptftnum Indirect Aiior« eQ m,< M lT p B<> ^ r jni 
T cells from seven of the 50 patients monitored for direct 
recognition ability were also tested in LDA for their 

3 0 ability to respond against synthetic peptides corresponding 
to the donor's HLA-DR phenotype. The LDA results reflect 
the frequency of allopeptide sensitized Th cells from the 
patient's circulation rather than that of Th precursors 
because the test was performed using T cells selected in IL- 

3 5 2 containing medium and blastogenesis was measured in a 3- 
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day (rather a 7-day) assay. There was a significant 
correlation between allopeptide reactivity and allograft 
rejection <p<0.0001), con-latent with our previous findings 
in both heart and liver transplantation (Fisher, P.E. et 
5 al., 1995; Suciu-Foca, N. et al., 1985 and Renna Molajoni, 
E. et al., 1997). t cell reactivity to donor allopeptides 
was found in 9 out of 10 specimens of blood obtained at the 
time of rejection (Table 8). Two out of 18 samples obtained 
from patients with no histologic evidence of rejection also 
10 contained allopeptide reactive T cells suggesting the 
presence of ongoing immune response. 

Lymphocytes obtained from these 7 patients were tested 
concomitantly for reactivity via the direct and indirect 

15 pathway (Table 9) . Of the 9 determinations performed during 
an acute rejection episode, 6 showed both direct and 
indirect reactivity, while 3 showed only indirect 
allostimulation. No rejection was "missed" when both tests 
were performed. There was a highly significant association 

20 between rejection and donor- specific alloreactivity via the 
direct and/or indirect pathway. 

However, analysis of individual cases showed that although 
both events occurred together in most rejection episodes, in 

25 some instances only indirect alloreactivity was detected. 

The two cases shown in Fig. A and B illustrate this 

point. The patient in Fig, A, showed allopeptide 

reactivity and inter-molecular epitope spreading from one 
mismatched HLA-DR antigen (DR3) to the other (DR1) in 

3 0 conjunction with a grade 2 rejection episode. Direct 
recognition was detected in the peripheral circulation only 

at later times (days 34 and 54). The patient in Fig. B 

showed concomitantly direct and indirect alloreactivity on 
days 7 and 28, when evidence of rejection was present, yet 

35 displayed only indirect alloreactivity on day 14, in the 
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midst of a grade 3A episode of rejection, 



Hence, allograft rejection can be detected by determining 
the capacity of peripheral blood T cells to respond 
5 specifically against donor MHC- class II antigens. However, 
both the direct and indirect pathway of alloreactivity must 
be evaluated for predicting allograft rejection. 
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DISCUSBTOM 

The present study demonstrates for the first time that 
allograft rejection can be detected timely by monitoring the 
capacity of peripheral blood T lymphocytes to react 
specifically against donor MHC class II antigens via the 
direct and indirect pathway. 



Using a recently developed flow cytometric procedure for 
measuring T cell activation (Maino, CM. et al., 1995), it 
has been shown that allograft rejection is accompanied by an 
increase in the frequency of T cells expressing the early 
activation antigen CD69 after specific stimulation with 
donor APCs. The activated (CD69*) T cell population has a 
"memory* phenotype expressing the CD45RO and LDA1 
differentiation markers. The response is specific for the 
sensitizing antigens of the donor, since APCs carrying a 
25 different HLA phenotype, induce lower stimulation. Because 
CD69 is only minimally expressed on resting PBMC, and is 
acquired by activated lymphocytes very early following the 
addition of antigens or mitogens (Maino, CM. et al., 1995), 
it represents a valuable marker for guantitating direct 
30 allorecognition. It is intriguing, however, that attempts 
to detect specific anti -donor reactivity in 3 -day 
blastogenesis assay, have failed invariably. No differences 
in the strength or kinetics of the MLC response against 
donor or control cells, have been observed in recipients 
35 undergoing allograft rejection. Why, then, are "memory" 
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responses recognizable by use of the CD69 activation marker? 
The most likely explanation seems to be, that although donor 
APCs can stimulate the pool of memory lymphocytes, T cells 
which become activated are subjected to other regulatory 
5 events which suppress their proliferation. This hypothesis 
is consistent with the finding herein, that IL-2 expanded 
peripheral blood T cells from patients with acute rejection 
respond to donor allopeptides via the indirect pathway but 
fail to proliferate when stimulated directly with donor APCs 

10 (Liu, 2. et al., 1996b). Hence, the CD45RO T cells 
presensitized to donor HLA-class II antigens via the direct 
pathway appear to be unable to undergo clonal expansion in 
the periphery. However, these cells proliferate within the 
graft, where they are likely to encounter donor dendritic 

15 cells and the inflammatory cytokines required for further 
differentiation, as documented by studies of T cells grown 
from allograft biopsies (Liu, 2. et al . , 1996b). 

In contrast to the direct recognition pathway, which takes 
20 place within the graft, indirect recognition occurs in the 
peripheral lymphoid tissue, where T cells recognize peptides 
derived from the processing by self APC of HLA antigens shed 
from the transplant (Liu, 2. et al., 1996a). Prior to and 
during allograft rejection, allopeptide -reactive T cells are 
25 found both in the peripheral circulation and within the 
graft (Liu, 2. et al., 1996a). Thus, determination of the 
frequency of allopeptide reactive T cells by LDA, as shown 
in this and previous studies, (Suciu-Foca et al . , 1937, Liu, 
2. et al*, 1996a; and Renna Molajoni, E. et al., 1997), 
30 provides an objective tool for monitoring rejection. 

It is possible that memory T cells with direct and indirect 
allorecognition capacity differ with respect to the 
expression of adhesion receptors/co-receptors , displaying 
35 distinct homing and migration properties. Such differences 
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may include altered activation requirements as well as their 
ability to interact with inflamed endothelium or with 
syngeneic APCs, contributing to their capacity to localize 
to sites where they are needed (i.e. within the transplant 
5 or m the peripheral lymphoid tissue) . 

The finding that rejection is not always accompanied by the 
activation of both allorecognition pathways is not 
unexpected given the different requirements for direct and 
10 indirect stimulation of T cell alloreactivity . 

Presentation by blood transfusions and/or shedding of 
antigens from the graft as a consequence of surgical trauma 
may cause the early activation of the indirect pathway 
15 following transplantation. Because T cells mediating the 
indirect pathway are resistant to treatment with 
cyclosporin., indirect reactivity may be found at times when 
direct reactivity has been successfully suppressed. 

20 Since indirect recognition does not depend on the presence 
of passenger leukocytes within the graft, it is likely to 
persist eventually causing chronic rejection. Therefore 
recognition of persistent alloreactivity and intra or 
intermodular spreading of T cell epitopes may permit the 

25 identification of patients at risk of developing chronic 
rejection. 



30 



Because the endomyocardial biopsy is invasive, time- 
intensive, expensive and occasionally associated with 
complications, (Sethi. O.K. et al., 1995) the development of 
non-invasive immunologic methods for differential diagnosis 
of rejection represents an important step forward in the 
management of transplant patients. 
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Table 6. Relationship Between Direct Alloreactivity and 
Rejection* 

5 Increased Alloreactivity 



to Donor APC 







Yes 


No 


Total 


Rejection 


Yes 


15 


6 


21 




No 


8 


46 


54 




Total 


23 


52 


75 



p<0 . 0001 



15 Table 7. Relationship Between Enhanced Reactivity to the 
Donor of C45RO Positive T Cells and Rejection 



Rejection 





Yes No 


Total 


Donor-Specific* 
Reactivity 


5 7 
2 32 


12 
34 


Total 


7 32 


34 



25 

p<0.0003 

*% of CD3*CD4 5RO* cells > in MLC with the donor compared to 
control 

30 



Table 8. Relationship Between Indirect Allorecognition and 
Rejection Allopeptide Reactivity to Donor 





Yes 


No 


Total 


Rejection 


Yes 


9 


1 


10 


No 


2 


16 


18 


Total 


11 


17 


28 



40 

p<0. 00.01 
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Table 9. Relationship Between Direct And 
Alloreactivity and Acute Rejection 



Indirect 







Direct & 
Indirect 


Direct 
Only 


Inairect 
Only 


No 

Activity 


Total 


Rejection 


Yes 


6 


0 


3 


0 


9 




No 


1 


' 0 


1 


14 


16 


i 


Totml j 7 


0 


4 


J* 


25 



p<0. 0004 
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What is claimed is: 

1. A method for monitoring allograft rejection in a 
transplant recipient which comprises: 

5 

(a) obtaining peripheral blood lymphocytes from the 
recipient; 

(b) incubating the lymphocytes with at least one 
10 synthetic allopeptide which corresponds to an 

immunogenic hypervariable epitope of a mismatched 
donor HLA-DR antigen under suitable conditions; 

(c) contacting the incubate with a marker for T-cell 
15 activation to determine whether or not the 

incubate contains activated T-cells, thereby 
monitoring allograft rejection in the recipient ♦ 



20 2. The method of claim 1, wherein the synthetic 
allopeptide comprises at least a portion of a peptide 
chosen from the group: DR£1*0101, DR£l*0102, DRSl*0301, 
DR£1*0302, DRS1*0401, DRS1*0102, DRfil*0403, DRfcl*0404, 
DR£1*0405, DR£1*0407 # DRfil*0408, DRSl*0701, DR£l*0801, 

25 DRG1*0802, DR£1*0803, DR£l*0804, DRS1*0901, DRS1*1001, 

DRS1*1101, DRS1*1102, DRS1*1104, DRfcl*1201, 01121*1301, 
DRfil*1302, DRfil*1303, DR£l*1401, DR£l*1402, DRSl*1502, 
DRfcl*15Q3, DRfil*1601 # or DR£l*1602. 

30 3 . The method of claim 1, wherein the allograft comprises 
a heart, a kidney, a liver, skin, bone, bone marrow, an 
eye, hair, or a lung. 

4. The method of claim 1, wherein determining whether or 
35 not the incubate contains activated T-cells comprises 
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detecting T-cell histogenesis, detecting lymphokine 
production by the T-cell or detecting expression of an 
activation marker by the T-cell. 

The method of claim 4, wherein the activation marker is 
a monoclonal antibody or an antigen capable of 
measuring specific early T cell activation in response 
to a donor antigen. 

The method of claim 5, wherein the monoclonal antibody 
is CD69, CD64, LDA1, NDA4 or ylF . 



7. The method of claim l, wherein the synthetic 
allopeptide comprises a portion of a hypervariable 

15 region of an HLA-DR molecule. 

8. The method of claim 7, wherein the portion of the HLA- 
DR hypervariable region comprises amino acids 1-19, 
amino acids 20-40 or amino acids 41-80. 

20 

9. The method of claim 1, wherein the synthetic 
allopeptide comprises: 

amino acids 21-39 of a DRfil*0101 molecule wherein 
the recipient expresses a DRS1*1104 haplotype or 
a DR£1*1101 haplotype; 

amino acids 1-19 of a DR£l*0301 molecule wherein 
the recipient expresses a DRS1*1101 haplotype; 

amino acids 62-80 of a DR£i*0401 molecule wherein 
the recipient expresses a DR£l*0701 haplotype; 

amino acids 21-42 of DR£l*1101 molecule wherein 
35 the recipient expresses a DR3 haplotype; 
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amino acids 21-40 of DR£l*0401 molecule wherein 
the recipient expresses a Drf£l*0701; 

amino acids 1-19 of a DR£l*1301 molecule wnerein 
the recipient expresses a DR£l*070l haplotype; 

amino acids 1-19 of a DR£l*l501 molecule wherein 
the recipient expresses a DR£l*04 0l haplotype and 
a DR£1*1104 haplotype, or 

amino acids 21-29 of a DR£l*l503 molecule wherein 
the recipient expresses a DRfii*i501 haplotype, 

A method for treating allograft rejection in a 
transplant recipient which comprises administering to 
the recipient a mixture of soluble MHC derived from the 
recipient and at least one synthetic allopeptide which 
corresponds to an immunogenic hypervariable epitope of 
a mismatched donor HLA-DR antigen thereby treating 
allograft rejection in the recipient. 

A method for treating allograft rejection in a 
recipient which comprises: 

(a) determining whether or not allopeptide reactive 
T-cells are present in the recipient, and if such 
cells are present; 

(b) administering to the recipient a mixture of 
soluble MHC derived from the recipient and an 
allopeptide which comprises ERVRLLERCIYNQE , so as 
to treat allograft rejection in the subject. 

A method for inhibiting chronic allograft rejection in 
a recipient which comprises administering to the 
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recipient a peptide antigen corresponding to an epitope 
on a donor allo-MHC molecule so as to induce tolerance 
in the recipient and thereby inhibit chronic allograft 
rejection in the recipient. 

5 

13. The method of claim 10, wherein the peptide antigen is 
administered to the recipient at a dose of about 10 
micrograms per one million recipient lymphocyte cells. 

10 14. A vaccine against an allopeptide which comprises a 
synthetic T-cell receptor peptide which is designed to 
react against a mismatched MHC-DR allele of an organ 
donor . 

15 15. The vaccine of claim 11, wherein the mismatched MHC-DR 
allele is: 

DRfii*0101 wherein the recipient expresses a 
DR£l*ii04 haplotype or a DRJS1*1101 haplotype; 

20 

DR£1*0301 wherein the recipient expresses a 
DRSX*1101 haplotype; 

DR£l*0401 wherein the recipient expresses a 
25 DRS1*0701 haplotype; 

DRfil*i301 wherein the recipient expresses a 
DRfil*0701 haplotype; 



30 



DR£1*1501 wherein the recipient expresses a 
DR£l*0401 haplotype and a DRSl*li04 haplotype, or 



35 



DRfil*1503 wherein the recipient expresses a 
DR£1*1501 haplotype. 
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